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(57) Abstract 

Lentiviral vectors are provided com- 
prising a 5' lentiviral UYR, a iRNA binding 
site, a packaging signal, a promoter oper- 
ably linked to one or more genes of inter- 
est, an origin of second strand DMA syn- 
thesis and a 3' lentiviral LTR. wherein the 
lentiviral vector contains a nuclear trans- 
port element that is not RRE. Also pro- 
vided are expression cassettes and packag- 
ing cell lines for producing lentiviral vector 
particles. 
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LnNTiviRAi. vrx roRS 

TriCMNICAL VIULD 

The present invention relates generally to phamiaceutical compositions 
and methods, and more particularly, to Icnliviral vectors which are suitable for a wide 
5 variety of gene therapy applications. 

AC'KGROUND OF THL INVHN l lON 

Since the discoveiy of nucleic acids m the !940's and continuing ihrough 
the most recent era of biotechnology, substantial research lias been undertaken in onler 
to rcali/c the possibility that the course of disease nuiy be alTecied tfu-ough interaction 

10 with the nucleic acitis ofMiving organisms. Most recentlv, a wide variety of mcthotis 
}ia\e been described for altering or affecting genes, including for example, \ iral \ eclors 
derived Ironi retroviruses, adenoviruses, \accinia \ irusc^, heipes viruses, and adeno- 
associated x iruscs (see .loliy. Cancer (icnc 'rhcnip\ /{ 1 );5 1 -()4, 1994). 

Of these techniques, reconiiMnanl rctro\ iral gene deliveiy methods ha\'e 

15 been most extensively utilized, in part due to: ( I ) the eiVicient entry of genetic materia! 
(the vector genome) into cells; (2) an acti\ e, efficient process of cniiy into the target 
cell nucleus; (3) relatively high levels of gene expression; (4) the potential to target 
particular cellular subtypes through control of the \ ector-target cell binding and the 
tissue-specific control of gene expression; (5) a genera! lack of pre-existing host 

20 immunity; and (6) substantial knowledge arul clinical experience which has been gamed 
with such vectors. 

lirielly, retroviruses are iliploid pt)sitive-strand RNA \iruses that 
replicate through an integrated DNA intermediate. In particular, upon infection by the 
F<NA virus, the retroviral genome is rcverse-transcribetl into DNA by a \ irally encoded 

2.S reverse transcriptase that is earned as a protein in each retrovirus. The \ iral DN.A is 
then mtegrated pseudo-random ly into tlie host cell genome of the infecting celL 
forming a "provirus" which is inherited by daughter cells. 

One type of retrovirus, the nuirine leukemia \'irus, or "MI.V", has been 
widely utilized for gene therapy applications (see generally Mann cl al. (CY7/ .>\'?.153. 

3(J 1983), Cane and Mulligan (Frac. Nail. AcuiL Sci. USA A7:6349, 1984), and Miller 
el al.. Ihiman (icne Therapy 7:5-14,1990 One major disadvantage of MLV-based 
vectors, however, is that the host range (/ r . cells intected with the vector) is limited, 
and the frequency of transduction of non-rcplicating cells is generally low. 
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In order to improve lenliv iral-baseJ iienc llieraps \ eetors for ecrlain 
applieaiions. the present invention provides impro\ed Ienti\iral based \eciors and 
packaging cell lines. Die invention also pro\ ides other, related. ad\ antagcs. 

SUMMARY OF THE INX ENTION 
5 Brieny slated, within one aspect of the present in\ention lenti viral 

vectors are provided, comprising a 5' lenli\iral LTR. a tl^NA binding site, a packagmg 
signal, a promoter opcrably liiiked to one or nKH"c genes o\ interest, an origui ofseconti 
strand DNA s>nihesis and a 3' lenu\ iral L'l R, wherein ihc lenii\ iral \-eclor contains a 
nuclear transport element. The nuclear transport clcjnent may be located either 

1<) upstream (5') or dovMisleam (3') ot'the gene of intercut. Wilhm certain embodmients. 
the nuclear transpori clement is not RRi:. W'lthm one embodunent the packagmLi signal 
is an extended packaging signal. Within other enibodunents the promoter is a tissue 
specific promoter, or, altemaiiveh , a prt^moter such as CM\' Within funher 
embodiments, the Icnliviral \'ector further comprises an mternal ribosome entry site. 

15 Within varit)us embodiments, tiie lenti\ iral vector expresses a gene ot" 

interest (t\,t:.. a heterologous sequence, although. \\ ithm certam embodiments lenti virus 
sequences such as HIV env may also be expressed) Representative examples of 
suitable genes of interest include cytokines, msuim. j'-gal. alkaline phosphatase (c.<;.. 
placental alkaline phosphatase), green nuorescence protein, (actor \"I1I, factor I\. 1.1)1 

20 receptor, human growth honnone, li\K), TPO, prt>drLig activatmg en/ymes. trans- 
dominant negative viral or cancer-associated protems. and ivrcvsmu hvLlroxylase. 

A wide variety of lentiviruses may be utiii/ed w ithm the context of the 
present invention, including for example, lentiviruses selected from the group 
consisting of HIV, HI\'-I, ni\'-2 and Sl\'. 

25 Within other aspects of the im ention expression cassettes are provided. 

Within one embodiment, gag pol expressuMi cassettes are provided comprising a 
promoter and a sequence encotling gag pol and at least one of vjir. vpu, nef or vif. 
wherein the pronioter is opcrably linketl to gag pol and vpr, vpu, nef or v if. Within 
another embodimcnl. tat expression cassettes are provided comprising a promoter and -a 

3u sequence encoding tat and at least one oi' vpr. \ pu, nef or vit", wherein the promoter is 
opcrably linked to tat and vpr, vpu. net" or vif Within further embodiments rev 
expression cassettes arc provided comprising a promoter and a sequence encoding rev 
and at least one of vpr, vpu. nef or vif wlierem the promoter is opcrably linked to rev 
and vpr, vpu, nef or v if Within yet other embodiments. VSV-G expression cassettes 

35 are provided comprising a promoter and a >equence encoding \'S\'-G and at least one 
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ofvpr, vpu, ncf or vif, wherein llie promoter is opcrably iinketi to VSV'-Cj and \ pr, vpu, 
nefor vif. 

Within yet other aspects oTthe invention, host cells (c.t,'., packaging cell 
lines) arc provided within contain any of the expression cassettes described herein. F'or 
? example, within one aspect packaging cell line are provided comprising an expression 
cassette that comprises a sequence encoding gag'poi, and a nuclear transport element, 
wherein the promoter is opcrably linked to the sequence encoding gag/pol. Within 
other aspects, packaging cell lines are provided comprising a promoter and a sequence 
encoding tat, rev, or an envelope (c.^if., VSV'-Ci), wherein the promoter is opcrably 

li) linked to the sequence encoding tat, rev. or, the einelopc. Withm further embodiments, 
the packaging cell line may further comprise a sequence encoding any one or more of 
nef, vif, vpu or vpr. Within another embodiment, the expression cassette is stably 
integrated. Within yet another embodiment, the packagmg cell line, upon introduction 
of a lentiviral vector, produces particles at a concentration of greater than ctu/nil. 

15 Witiiin further embodiments the promoter is inducible. Within certain preferred 
embodiments of the invention, the packaging cell line, upon introduction of a lentiviral 
vector, produces particles that are free of replication competent virus. 

Within yet other aspects of the present invention, packaging cell lines are 
provided comprising an expression cassette which directs the expression of a i^ag/pol 

20 gene, an expression cassette which directs the expression ot an cfi\- gene (e.g., WSV-G, 
or an amphotrophic envelope), an expression cassette wliich directs the expression of 
Tat, and expression cassette which directs the expression of f-^ew Within further 
aspects, a lentiviral vector is introduced into tlie packaging cell line to produce a \ ector 
producing cell line. 

25 Within further aspects, methods are pro\ ided for enhancing production 

of infectious virus, compnsing the step of mtecting packaging cell lines with a viral 
vector, wherein a bulyratc salt {e.g., sodium butyrate or potassium butyrate) is added 
subsequent to, or after infection of the packaging cell line. Within certain 
embodiments, the butyrate salt is added prior to the step of haivesting infectious virus. 

30 These and other aspects of the present invention will become evident 

upon reference to the following detailed description and attached drawings. In addition, 
various references arc set forth below which describe in more detail certain procedures 
or compositions {e.g., plasmids, etc.), and are therefore incorporated by reference in 
their entirety as if each were individually noted for incorporation. 
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BR1I:I DESCRIPTION OF THF DRAWINGS 



Figure I is a schematic illustration of one represeniaii\ e HlV-1 based 



vector. 



Figures 2A, 2B and 2C are schematic illustrations of pCM\'-HIV-K 
5 pV653CM\'-(igal, and pCMU-G, respectively 

Figures 3A. 3B, 3C and 3D are schematic illustrations of pCH-GP-1, 
pCn-GP-2, pCH-GP-3 and pCH-GP-4. respccii\ cl> . 

I'igures 4A and 4B are schematic illustrations of pCMV'-tat and p l etO- 



rcv. 



10 



Figure 5 is a tlow chart of one iepresentaii\ c melliod for packaging cell 



line generation. 

Figure 6 is a schematic illustration whicli shows a comparison of the 
genome organizations of lenti- and oncoretro\ iruses. 

Figure 7 is a table which shows the affected HIV-1 accessory proteins on 
l> vector production. 

I-'igure 8 is a table which shows the expression level of p24 in pCHCjP 
iransfecled cells. 

Figure 9 is a bar graph which shows stimulation of \'ector production b\ 
sodunn biUyratc. Briefly, vectors derived from either pGM\*-MI\'-l (closed boxes) or 

20 PCHGP-2 (Striped ho.xes) were generated in 2')3r cells in tfie presence of various 
concentrations ot sodium butyrate as indicated l iters u cre determined m H FIOSO cells 
as described in materials and methods. X'alues are the ratios of titers with sodium 
butyrate o\ er liters \\ ithout sodium butyrate tor each \ ector. 

Figure 10 is a bar graph which siiows transduction efFiciencN' m Mei.a 

25 cells. Bnelly. 300 ul of different virjl preparations were used to transduce actively- 
di\ iding or growth-anested HeLa ceils m 12 well plates The cells were harvested two 
days after transduction and the total (^-galactosidase activity was deiemiined by blue 
cell count after X-Gal staining. The results are presented as a percentage xalue of 
vector titer obsen-cd in UTIOSO cells for each \iral preparation {[Tiler in HcFa 

30 (dividing or quiescent) Titer in HTIOSO] X lOU). 

I'igurc 1 1 is a bar graph which shows the transduction efficiency in 
human skin fibroblasts. Briefly. 10 ul of different types were used to infect dividing 
and quiescent fibroblast in a 12 well plaie. Two days after transduction, titer was 
deiemiined by blue cell counting after \-Gal staining. Data for transduction of 

35 quiescent and dividing fibroblasts, are presented as a percentage value of titer observed 
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in growing HTIOSO for each viral prcparalion (|'Iiicr in Hbroblasls (growing or 
quicsccnt)/Tilcr in f I TIOSO) X 100). The values arc an average of four experiments. 

DETAILED DESCRIPTION OF THE INVENTION 

Prior (o setting forth the invention, it may be helpful to an understanding 
> thereof to set forth defmitions of certain terms that will be used hereinafter. 

" Vector construct ", " lenti viral vector ", and " recombinant i en ti viral 
vector " refers to a nucleic acid construct which carries, and within certain embodiments, 
is capable of directing the expression of a nucleic acid molecule of interest. The 
lenti viral vector must include at least one transcriptional promoter enhancer or locus 

10 defining element(s), or other elenients vvhicli control gene expression by other means 
such as alternate spHcing, nuclear RNA export, post-translational modification of 
messenger, or posi-transcriptional modiUcation of protein. Such vector constructs must 
also include a packaging signal, long terminal repeals (LfRs) or portion thereof, and 
positive and negative strand primer binding sites appropriate to the retrovirus used (if 

15 these are not already present in the retroviral \ector). Optionally, the recombinant 
Icntiviral vector may also include a signal which directs polyadcnylation, selectable 
markers such as Neo, TK, hygromycin, phleomycm. hisiidinol, or DMFR. as well as one 
or more restriction sites and a translation tennmation sequence. By way of example, 
such vectors typically include a 5' LTR, a iF^NA binding site, a packaging signal, an 

20 origin of second strand ON A synthesis, and a 3' LTR ov i\ portion thereof 

" Lenti viral vector particle " as utilized u itlun the present invention refers 
to a lentivirus which carries at least one gene oi' tnieresl. The retrovirus may also 
contain a selectable marker. The recombinant leiunirus i.s capable of reverse 
transcribing its genetic material into DNA arui incorporalmg this genetic material into a 

25 host cell's DNA upon infection. Lenti\iral vector particles may have a Icntiviral 
en\ elope, a non-lentiviral envelope {c.i^., an ampho or \'S\'-G envelope), or a chimeric 
envelope. 

" Nucleic acid expression \ector " or " Expression cassette " refers to an 
assembly which is capable of directing the expression of a sequence or gene of interest. 

30 The nucleic acid expression vector must include a promoter which, when transcribed, is 
operably linked to the sequcnce(s) or gene(s) of interest, as well as a polyadcnylation 
sequence. Within certain embodiments of the invention, the nucleic acid expression 
vectors described herein may be containetl within a pi asm id construct. In addition to 
the components of the nucleic acid expression \'ector, the plasmid constnict may also 

35 include a bacterial origin of replication, one or more selectable markers, a signal which 
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allows ihc plasmid construct to exist as single-stranded DNA (f.ij.. a M13 origin of 
replication), a multiple cloning site, and a "mammalian" origin of replication {c.i:., a 
SV40 or adenovirus origin of replication). 

" Packagmg cell " refers to a cell which contains those elements neccssar\' 
."^ for production of infectious recombinant retrovirus w hich are lacking in a recombinant 
reiroN'iral \cctor. I vpically, such packagmg cells ci-)ntam one or more expression 
cassettes which are capable of expressnig proiems which encode ga^^, pol and cn\- 
proteins. 

" Pioducer cell " or " X'cctor producmg cell " refers to a cell whicii contains 
10 all elements necessary for production of rectMiihinani reiroMral \ ecie>r particles. 



CONS I RI ( TION .\.\[) PRFPAR A I K )\ OP LL \ ! !\ lli.M \'\ ( J<)RS 

As noted above, the present iinention provides lenti\'iral xectors which 
arc designed to carry or express a selected gene(s) or sequence(s) of interest. Leniiv iral 
vectors may be readily constructed from a wide variety of lenii\ iruscs (sec RNA Tumor 

15 Vinises, Second Hdilion, Cold Spring Harbor I.aboratorw 1985). Representative 
examples of lentiviruses included UIW MIV-L Hl\''2 and SI\' Such lenti\ iruses may 
either be obtained from patient isolates, or. more preferabi\. from depositories or 
collections such as the American Type Culture Collection <ATCC\ Kock\ ille, MD), or 
isolated trom known sources using commonK a\ ailable techniques. 

20 Any of the above lentiviruses may be readil\- utilized in order [o 

assemble or construct lenli\iral gene delixery vehicic^ gi\cn the disclosure provideil 
herein, and siandartl recombinant techniques ic S.unhrook fi nl. Molcc uliir Clonifi'^ 
A lAif^ormorv MtiiiUiiL 2d ed.. Cold Spring Harbor I.aborator\- Press, Kunkle. 
PNAS .V2:48S, 1985), In addition, wtthui certain embodiments of tlie nncniion, 

2> portions of the lenii\ iral gene deli\'er\- \ chicles nia> be deri\'ed from ditTerent \'iruses. 
For example, within one embodiment of the nncntion. recombinant leini\iral \ector 
LTRs ma\ be dcri\eU irom an HI\', a packagn^g signal from SIV, and an origin o\' 
second strand synthesis from [fIV-2. 

Within one aspect of the present iii\ ention. lentiviral sector constructs 

30 are provided comprising a 5' lentiviral I.TR. a tRNA binding site, a packaging signal, 
one or more heterologous sequences, an origin of seconil strand DNA synthesis and a 3' 
LTR. wherein said lentiviral vector contains a luiclear transport element that is not 
RRE. Briefly, Long Tenninal Repeats ("l.rRs") are subdivided into three elements, 
designated l.'5, R and U3. These elements contain a variety of signals which are 

35 responsible lor the biological activity of a retrovirus, including for example, promoter 



RNSrOCil" - wo 99041J26A2 



wo 99/04026 




PCT/US98/I4996 



and enhancer clcmenls which arc located within IJ3. LTRs may be readily identified in 
the provirus (integrated DNA fomi) due to their precise duplication at either end of the 
genome. As uiiU/cd liercin, a 5' LTR should be understood to include a 5' promoter 
clement and sufficient LTR sequence to allow reverse transcription and integration of 
5 the DNA fomi of the vector. The 3' LTR should be understood to include a 
polyadenylation signal, and sufficient LTR sequence to allow reverse transcription and 
integration of the [^NA form of the vector. 

The tRNA bmdmg sue and origin of second strand DNA synthesis are 
also important for a retrovirus to be biologically active, and may be readily identified by 

10 otie of skill in the art. I-or example, retroviral tRNA binds to a tRNA binding site by 
Watson-Crick base pairing, and is carried with the retrovirus genome into a xiral 
particle. The tRNA is then utilized as a primer for DNA synthesis b\ re\erse 
transcriptase. Fhe tRNA binding site may be readil\- identified based upon its location 
just downstream from the 5' LTR. Similarly, the origin oi" second strand DNA synthesis 

15 is, as its name implies, important for the second strand DNA synthesis of a retrovirus. 
This region, which is also referred to as the poly-punne tract, is located just upstream of 
the 3' LTR. 

In addition to a 5' and 3' LTR, tRNA binding site, and origin of second 
strand DNA synthesis, certain preferred recombinant retroviral vector constructs v\hich 

20 are provided herein also comprise a packaging signal, as well as one or more genes of 
interest, each of which is discussed in more detail below . In addition, the leniu irai 
vectors have a nuclear transport element which, in preferred embodiments is not RKf-. 
Representative examples of suitable nuclear transport elements include the element in 
Rous sarcoma virus {Ogert, et al.. ./. I'iroi. '^0^ 3834-3843. L-)9()), the element m Rous 

25 sarcoma virus (Liu & Meilz, Genes Dev.. 9, 1 7()()- 1 78^^, 1995) and the element m the 
genome of simian retrovirus type 1 (Zololukhin. el al., ./ I 'iroi. 7944-7952. 1994). 
Other potential elements include the eiements in tlie histonc gene (Kedes, AnniL Rev 
Biochcm. 837-870, 1970), the a interferon gene (Nagata et al., Naiure 2S7, 401-408, 
1980), the ^-adrenergic receptor gene (Koilka, et al., Wature 75-79, 1987), and the 

30 c-.Iun gene fHattorie, et al., Froc. Natl. Acad. Sei. i'SA 9148-9152, 1988). 

Within one aspect of the invention, recombinant lentiviral vector 
constmcts are provided which lack both ga^^/pol and cfiv coding sequences. As utilized 
herein, the phrase "lacks gag/pol or env coding sequences" should be understood to 
mean that the recombinant lentiviral vector does not contain at least 20, preferably at 

35 least 15, more preferably at least 10, and most preferably at least 8 consecutive 
nucleotides which are tbund in gag/pol or cnv genes, and in particular, within gag po/ or 
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I'fiv expression cassettes iliat are used lo construct packaging cell lines lor ilie 
recombinant retroviral vector constructs are set forth ni more detail below and in 
Example 1 . 



5 of recombinant Icniiviral \'ector constructs w hich lack i^as^ pol or etiv sequences may be 
accomplished by preparing \ector constructs which lack an extended packaging signal. 
As utilized herein, the phrase "extended packagm^i signal" refers to a sequence of 
nucleotides beyond the mmimum core sequence which is reqiured tor packaging, that 
allows increased viral tiler due to enhanced packaging. 

10 Within ceilain embodiments of tlK^ unention. lenti\'iral \ectt)rs are 

provided wherein tissue-specific promoters are utili/etl to drive expression of one or 
more genes of interest. F-"or example, lenti viral vector particles of the invention can 
contain a li\er specific promoter to maximize the potential for li\er specific expression 
of the exogenous DNA sequence contained m the \ectors. Preferred liver specific 

15 promoters include the hepatitis B X-gene promoter aiul the liepatitis B core protein 
promoter. These li\er specific promoters arc prefcrahl\ employed with their respecti\e 
enhancers. Tlie enhancer element can be linked at either the 5* or 3' end of the 
nucleic acid encoding the therapeutic molecule. 1 he iiepatitis B X gene promoter and 
its enhancer can be obtained from the vira! genome as a 332 base pair HcoR\ -\coI 

20 DNA fragment employing the methods described in I w u, 1^>S7, 7. I 'irol. :344S-3453. 
The hepatitis B core protein promoter can he oliiatncd iiXMn the \ ira! genome *is a 5S4 
base pair Bamlll-Bglll DNA fragment employiiu: ih,c mcihi)ds described iii Cjorlach. 
1992, I'irol I S9:59-()(y. It may be necessarv lo rcmt^vc ihc ncgali\ e regulatory secjuciicc 
in the BamUl-Bgllf fragment prior to inscriing ii ()tlicr li\er specific proinoicis 

25 include the AFP (alpha fetal protein) gene promoter and the albumin gene promoter, as 
disclosed in EP Patent Publication 0 415 731, the -I antitrypsin gene promoter, as 
disclosed in Rcttcnger, 1994, Proc. .Wail. Anul. S( i. 9/: 140O-1464, the fibrinogen 
gene promoter, the APO-Al { Apolipoprotem AM gene promoter, and the promoter 
genes tor liver transference enzymes such as. for example. SGOT, SCiPP arul - 

M) glutamylc transferase. See also PCX Patent Publications WO 9007936 and WC) 
91/02805 for a description of the use of li\er specific promoters in lenti viral \ector 
particles. 



constructs provided herein may be generated such that more than one gene of interest is 
35 expressed. This may be accomplished through the use of di- or oligo-cistronic cassettes 
{e.g.. where the coding regions are separated by 8n nucleotides or less, .vi't' i:cfu'r(i!/v 



As an illustration, within one embodiment of the itn ention construction 



Within certain embodiments of tiie invention, the Icntiviral vector 
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Levin cl al., CfC/ic /^W: 167-1 74, 1991), or through the use of hitcrnal Ribosomc Entry 
Sites <"IRHS"). 

Packaging / PROPtiCHR Chi i. Lines 
Packaging cell lines suitable for use with the above described 
5 recombinant retroviral vector constructs may be readily prepared given the disclosure 
provided herein. Brieny, the parent cell liiie from wiiich the packaging cell line is 
derived can be selected from a wide variety ol" mammalian cell lines, including for 
example, human cells, monkey cells, dog cells, mouse cells, and the like. 

Within one embodiment of the in\eniit)n, potential packaging cell line 
10 candidates are screened by isolating the human placenial alkahne phosphatase (PLAP) 
gene from pBAAP, and inscrtmg the gene niio pNL4-.v I'o generate mfcctious vnus, 
the construct is co-transfccled with pCM\'-G into 293 cells, and tiie \ irus har\ ested 48 
hurs after transtection. The resulting virus can be utilized to infect candidate host cells 
ic.i^.,, human cells such as HcLa, HYIOSO, 293, .lurkats, supfl and CFM), which are 
15 subsequently sourted using antibodies specillc for PLAP. Production of p24 and 
reverse transcriptase can also be analyzed in the assessment of suitable packaging cell 
lines. 

After selection of a suitable host cell for the generation of a packaging 
cell line, one or more expression cassettes are introduced into the cell line in order to 

20 complement or supply in tnins components of the s ector w hich have been deleted (sec 
<:cnerallv I'.S. Serial No. (J8/24(),03(), filed May 9, 1994; scv also L?.S. Serial 
No. 07/800,921, filed November 27, 1991). 

Representative examples of suitable expression cassettes include gag poi 
expression cassettes which comprise a promoter and a sequence encoding gag'poi and al 

25 least one of vpr, vpu, nef or \ '\{\ wherein the promoter is operahly linked to gag. poi and 
vpr, vpu, nef or vif Witinn another embodimeiU, tat expression cassettes are provided 
comprising a promoter and a sequence encoding tat and at least one of vpr, vpu. net or 
vif, wherein the promoter is operably linked to tat and vpr, vpu, nef or vif Within 
further embodiments rev expression cassettes are provided comprising a promoter and a 

30 sequence encoding rev and at least one of vpr, vpu. nef or \ if wherein the promoter is 
operably linked to rev and vpr, vpu, nef or vif Within yet other embodiments. VSV-G 
expression cassettes are provided comprising a promoter and a sequence encoding 
VSV-G and at least one of vpr, vpu, nef or vif wherein the promoter is operably linked 
to VSV-G and vpr, vpu, nef or vif 
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Utilizing the above-described expression cassettes, a wide vanet\ of 
packaging cell lines can be generated. For example, within one aspect packaging cell 
line are provided comprising an expression cassette that comprises a sequence encoding 
gag'poK and a nuclear transport element, wherein the promoter is operably linked to the 
s sequence encoding gag'pol. Within other aspects, packaging cell lines are pro\ideil 
comprising a promoter and a sequence encoding lal. rcw or an envelope \'SV-G), 
wherein the protnoter is operably linked to the sequenee encodmg tat. re\ , or, the 
envelope. Wiihm tlirther embodinieiiis. the packaging cell line may further comprise a 
sequence encoding any one or more ofnef. \ \\\ vpu or \ pr. 1-or example, the packaging 

10 cell line ma\' contain only nef. \ if, \'pu, c^r \ pr alone, nef and vif, nef and \ pu, nef and 
\'pr, \ if and vpu, \ ifand vpr, \ pu and \'pr, nefx if and \ pu. net vif and vpr. nef vpu and 
\'pr. vvir vpu and vpr, or, all lour of nef \'if \ pu and vpr 

Within another embodiment, the expression cassette is stably integrated. 
Within yet another embodiment, the packagmg cell line, upon mtroduction of a 

15 lentiviral vector, produces particles at a concentration of greater than lOMO'', In , 1()\ 
or, 10" cfu-'ml. Within funher embodiments the promoter is uulucible. Wiilun certain 
preferred embodiments of the invention, the packaging cell line, upon introduction of a 
lentiviral vector, produces particles that are tree of replication competent virus. 

Gh:\i-s ot- Ktkri:s r ' nt-.Tt-ROi o^a >i N"! ( : i k Acid Mol fc t i.i s 

20 A wide variety of nucleic acid molecules may be carrictl and/or 

expressed by the lentiviral vector particles of the present in\enlion. As used herein, 
"pathogenic agent" refers to a cell that is responsible for a ilisease stale. KepreseiUati\ e 
examples of pathogenic agents include tumor cells, autoreacii\ e immune cells, honnoric 
secreting cells, cells which lack a function that tlie> \souid noniKillv ha\e, cells that 

2> have an additional inappropriate gene expressitni which does not fiomially occur in that 
cell t\pe. and cells infected with bacteria. Mruses. or other intracellular parasites, in 
addition, as used herein "pathogenic agent" ina\ also refer io a cell iliat has bccc^ine 
lumorigenic due lo inappropriate insertion ol nucleic acid molecules contained by the 
lentiviral vector into a host cell's genome. 

30 Hxampies of nucleic acid molecules which may be carried and or 

expressed by lentiviral vector particles of the present in\ ention include genes and other 
nucleic acid molecules which encode a substance, as well as biologically active nucleic 
acid molecules such as inactivating sequences that incorporate into a specified 
intracellular nucleic acid molecule and inactivate that molecule. A nucleic acid 

35 molecule is considered to he biologically acti\ e when the molecule itself provides the 
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desired benefit. For example, the biologically active nucleic acid molecule may be an 
inactivating sequence that incorporates into a specified intracellular nucleic acid 
molecule and inactivates that molecule, or the molecule may be a iRNA, rF<NA or 
mRNA that has a configuration that provides a binding capability. 
5 Substances which may be encoded by the nucleic acid molecules 

described herein include proteins {e.g., antibodies including smgle chain moiccules), 
immunostimulatoty molecules (such as antigens) inmninosuppressivc molecules, 
blocking agents, palliatives (such as to.xins, antisense ribonucleic acids, nbo/ymes, 
enzymes, and other material capable of inhibiting a function o[ a pathogenic agent) 

10 cytokines, various polypeptides or peptide homioncs, their agonists or antagonists, 
where these hormones can be derived from tissues such as the pituitary, hypothalamus, 
kidney, endothelial cells, liver, pancreas, bone, hemopoeiic marrow, and adrenal. Such 
polypeptides can be used for induction of growth, regression of tissue, suppression of 
immune responses, apoptosis, gene expression, blocking receptor- iigand interaction, 

15 immune responses and can be treatment for certain anemias, diabetes, infections, high 
blood pressure, abnonnal blood chemistry or chemistries ic.,<:.. elevated blood 
cholesterol, deficiency of blood clotting factors, eknatetl I.Df with lowered HEDL), 
levels of Alzheimer associated amyloid protein, bone erosion/calcium deposition, and 
controlling levels of various metabolites such as steroid homiones, purines, and 

20 pyrimidines. 

I'or palliatives, when "capable of mlnlimng a fLinction" is utilized \\'itfiin 
the context of the present invcfUion. it sh(^uki be understood that the pailiati\c citlicr 
directly inhibits the functic:)n or indirectly docs so, for example, by conxerting an agent 
present in the ceils from one which would not normally inhibit a function ol' the 

2.^ pathogenic agent to one which does. Examples of such functions tbr viral diseases 
include adsorption, replication, gene expression, assembly, and exit of the virus from 
infected cells. Hxamples of such functions for cancerous diseases include cell 
replication, susceptibility to external signals (c.i^ . contact inhibition), and lack of 
production of anti-oncogcne proteins. Hxamples of such functions tbr cardiovascular 

30 disease include inappropriate growth or accumulation of material in blood vessels, high 
blood pressure, undesirable blood levels of factors such as cholesterol or low density 
lipoprotein that predispose to disease, localized hypoxia, and inappropriately high and 
tissue-damaging levels of free radicals. Hxamples of such functions tor neurological 
conditions include pain, lack of dopamine production, inability to replace damaged 

.'^.'^ ceils, deficiencies in motor control of plusical activity, inappropriately low levels of 
various peptide homiones derived from neurological tissue such as the pituitary or 
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iiypolliaianius, acciinuilaiion of Alzheimer's Disease associated amyloid plaque protein, 
and inability to regenerate damaged ner\e junctions. Hxampies of such functions for 
autoimmune or intlammator)' disease include inappropriate production of cytokines and 
lymphokincs, inappropriate production and existence of autoimmune antibodies and 
5 cellular immune responses, inappropriate disruption of tissues by proteases and 
collagcnascs, lack of production of factors nonnall\ supplied b>' destroyed cells, and 
e.\cessi\ e or aberrant rcurow ih of tissues under auioininuuie attack. 



administration of a recombinant Icntivirus w hich directs the expression of a palliati\ e. 

10 Representatixe examples of palliai!\es that act directl> to mhibit the growth of cells 
include toxins such as ricin (Lamb el al.. F,ur. ./. iinx'/wm. /-/.S':2o5-27n, 1985). abriu 
(Wood el al., Iiur. J. Hiochcm. /9.S':723-7:0. 1991: Hvensen et al.. ./. of Hiol. Chcni 
26i:):h84S-6852. 1991: Collins et al., ./ nj Hi<,l. Ciwni. J6.v8665-8669, ]99U: Chen 
et al.. Fed. uf Eur. Biochem Soc. 3()9: \ 15-1 IS, 1992). diphtheria toxin {Tweten el al., J. 

15 Biol. Chem. 260:10392-10394, 1985), cholera toxin (Mekalanos et al.. Suture 3()6\5>\- 
557. 1983; Sanchez & Holmgren. PSAS -sr):4S 1 -485. 19S9), gclonin (Sliq^e et al.. / 
BioL Clwm. 255:6947-6953, 1980). pokewced (Irvui. Pharmcu: T/wr. 27:371-387. 
1983), antiviral protein (Barbieri et al., Biochem. ./. 2av55-59, 1982; lr\ in et a!.. Arch. 
Biochem. Biophvs. J00:4\^~425, 1980; irvin, .-1/r// Hiochem. l<: Hiophv.s. 169:522- 

20 528, 1975), tritin. Shigella toxin (Caldenvotul cl al . PSAS .sV:4364-4368. 19X7: 
.Jackson et al., Microh. Paih. 2:147-153, I9S^), and PseudcMn(Mias exotoxin .A (CarToll 
and Collier, ./. Biol. Chem 262:870":-S^ 11 . 19S^). A detailed dcscripiu>n of 
recombinant retroviruses which express Russcl's V iper Venom is provided ni U.S. 
Serial No. 08/368.574. filed December 30, 1994. 



specifying a product which is not m itself toxic, but w hen processed or modified b\' a 
protein, such as a protease specific to a viral t)r other pathogen, is converted into a toxic 
form. For example, recombinant retrovirus coukl carry a gene encoding a proprotein 
chain, which becomes toxic upon processing by the HI\' protease. .More specifically, a 
30 synthetic inactive proprotein form of the toxic ricin or diphtheria A chains could be 
cleaved to the active form by arranging for the fl[\' viral ly encoded protease to 
recognize and cleave off an appropriate "pro" element. 



provided which direct the expression ol" a gene produces) that activates a compound 
35 with little or no cMotoxicily into a toxic proiiuct. Brietly, a wide variety of gene 
products which either directly or indirectlv activate a compound with little or no 



Within one aspect of the present invention, methods are provided for 



Withm other aspects of the iin ciUKMi. the Icniiv irai \ ector carries a gene 



Within a related aspect of the present imention, Icntiviral vectors are 
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cyiotoxicity into a toxic product may be utilized within the context of the present 
invention. Representative examples of such gene products include IISVTK and 
V7VTK which selectively monophosphorylate certain purine arabinosides and 
substituted pyrimidine compounds, converting them to cytotoxic or cytostatic 
5 metabolites. More specifically, exposure of the drugs ganciclovir, acyclovir, or any of 
their analogues FIAC, DHPG) to HSVTK, phosphorylates the drug into its 

corresponding active nucleotide triphosphate fonn. 

lor example, within one embodimenl of the invention, the Icnti viral 
vector directs the expression of the herpes simplex virus thymidine kinase ("HSV^TK") 

10 gene downstream, and under the transcriptional control of an HIV promoter (which is 
known to be transcriptionally silent except when activated by HIV tat protein). Briclly, 
expression of the tat gene product in human cells infected with HIV and carrying the 
recombinant retrovirus causes increased production of HSVTK. The cells (either 
//; VI fro or /// vivo) are then exposed to a drug such as ganciclovir, acyclovir or its 

l> analogues (FIAC\ DHPG). As noted above, these drugs are known to be 
phosphorylated by HSVTK (but not b\' cellular thymidine kinase) to their 
corresponding active nucleotide triphosphate tbrms. Acyclovir triphosphates inhibit 
cellular polymerases in general, leading to the specific destruction of cells expressing 
HSVTK. in transgenic mice (see Borrelli et al., Proc . .\'a!L Acad. Sci. USA (.V5:7572, 

20 1988). Those cells containing the recombinant retrovirus and expressing HIV tat 
protein are selectively killed by the presence ofa specific dose of these drugs. 

In a manner similar to the preceding embodiment. Icnti viral vectors may 
be generated which cairy a gene for phosphorylation, phosplioribosylaticMi, ribosylation, 
or other metabolism of a purine- or pyrimiciinc-based tlrug. Such genes may ha\ c no 

25 eciuivalenl in mammalian cells, and might come tfom organisms such as a virus, 
bacterium, fungus, or protozoan. Representati\'e examples include: co/i guanine 
phosphoribosyl transferase ("g]")t") gene prt)ducl, which converts thioxanthine into 
thioxanthine monophosphate (see Bcsnard et al., Afo/ Cell. Bir)i 7:4139-4141, 19S7); 
alkaline phosphatase, which will convert inactive pliosphorylated compounds such as 

30 mitomycin phosphate and doxombicin-phosphate to toxic dephosphor\'lated 
compounds; fungal (c.^., Fusarium oxysponun) or bacterial cytosine deaminase which 
will convert 5-fluorocytosine to the toxic compound S-Huorouracil (Mullen. PNAS 
t*?9:33, 1992); carboxypeptidase G2 which will cleave the glutamic acid from para-N-bis 
{2-chloroethyl) aminobenzoyl glutamic acid, thereby creating a toxic benzoic acid 

}>> mustard; and Penicillin-V amidase, which will convert phenoxyacetabide derivatives of 
doxorubicin and melphalan to toxic compounds. Conditionally lethal gene products of 
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this type ha\o application to many presently kno\^n purine- or pynniidine-based 
anticancer drugs, which often require iniraccllular ribosylalion or phosphorylation in 
order to become elTective cytotoxic agents. The conditionally lethal gene product could 
also metabolize a nontoxic drug, which is not a purine or pyriniidine analogue, to a 
5 cytotoxic form (see Scarle et al., Bm. J. Cunccr 5.-?:3"~-384, 1 986). 

Additionally in the instance where the target pathogen is a mammalian 
viais, lcnti\iral \ectors may be conslmctcd lo lake advantage of the fact tliat 
mammaUan \ u'uses in general tend to ha\ e " mimed late earl> " genes, which are 
necessar\- for subsequent U-anscnpUonal Licti\atio[i of other \ iral promoter elements. 

ID Gene products of this nature are excellent candidates tor intracellular signals (or 
"identifying agents") of viral infection. I luis, coiidinonally lethal genes transcribed 
from transcriptional promoter elements iliai are responsive to such viral "immediate 
early" gene products could specifically kill cells infected with an\- particular virus. 
Additionally, since the human and interferon promoter elements are transcriptionally 

15 activated in response to infection by a wide variety of nonrelated viruses, the 
introduction of \cctors expressing a conditionally lethal gene product like HSVTK, for 
example, from these viral-re,sponsive elements (N'Rl's) coukl result in the destniclion of 
cells in tec ted with a vanet\ of different viruses. 

In another embodiment of the invention, lenti\'iral vectors are pro\ ided 

20 that produce substances such as inhibitor palliativ es, that inhibit \ iral assembl\. In this 
context, the recombinant retrovirus codes for detccti\e i^'i/.t,'. p<>L cnv or other \iral 
particle proteins or peptides w hich inhibit in a donunant fashion the assemhK' of Mral 
particles. Such inhibition occurs because the mteracaon of nomial subumis ol'the viral 
particle is disturbed by interaction with the detectiv e su'nunits. 

25 One way of increasing the etVecti veness of inhibitorv' palliatives is to 

express inhibitory genes, such as \iral iiihibitor\ genes, in conjunction with the 
expression of genes which increase the probability of infection of the resistant cell by 
the virus in question. The result is a nonproductive "dead-end" event wliich would 
compete for productive infection events. In the specific case of HIV, a recombinant 

30 retrovirus may be administered that inhibits HIV replication (by expressing anti-sense 
tat, etc., as described above) and also overexpress proteins required for infection, such 
as CD4. In this way, a relatively small number of vector-infected HlV-resislant cells 
act as a "sink" or "magnet" tor multiple nonproductive fusion events with free virus or 
vi rally infected cells. 

35 In another embodiment of the invention, lentiviral vectors are provided 

for the expression substances such as inhibitmg peptides or proteins specific for viral 
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protease. Virai protease cleaves the viral i^ui^ and i^ai^pol proteins into a number of 
smaller peptides. Failure of this cleavage in all cases leads to complete inhibition of 
production of infectious retroviral particles. The IIIV protease is known to be an 
aspartyl protease, and these are known to be inhibiiCLi by peptides made from amino 
s acids from protein or analogues. Lentiviral vectors that mhibit HIV will express one or 
multiple fused copies of sucli peptide inhibitors. 

Administration of the lentiviral \cctors discussed above should he 
effective against many virally linked diseases, cancers, or other pathogenic agents. 

In yet another aspect, lentiviral vectors are provided which have a 

10 therapeutic effect by encoding one or more nbo/ymcs (RNA en/ymes) {Haseioff and 
Gerlach, Saiurc .?.?V;58-S, 19<S9) which will elea\e, and hence inactivate, RNA 
molecules corresponding to a pathogenic tiniction. Smce ribo/.ymes function by 
recognizing a specific sequence in the target RNA and this sequence is nomially 12 to 
17 bp, this allows specific recognition of a panicuiai RNA sequence corresponding to a 

15 pathogenic state, such as IHV tat, and to.xicity is specific to such pathogenic state. 
Representative examples of suitable ribo/.ymes include hammerhead ribo/.ymes {sec 
Rossi et al., l^harnnic. Ther 5^?:245-254, 1991) and hairpin ribozymes (Hampel el al., 
NucL Acids Res. /<V:299-3()4. 1990; U.S. !*atem No 5.254,(i7S) and TctraJiymena based 
ribozymes (U.S. Patent No. 4,987,071). Additional specificity may be achieved in 

20 some cases by making this a conditional to.xic palhalix e, as discussed above. 

In still another aspect, lenli\iral \eclors aru provided comprising a 
biologically active nucleic acid molecule that is an antisense sequence (an antisense 
sequence may also be encoded by :i nucleic acid sccjucnee and then produced within a 
host cell \'ia transcription). Briefly, antisense sequences are designed to bind to RN.\ 

25 transcripts, and thereby prevent cellular synthesis of a j^articular protein, or prevent use 
of that RN.\ sequence by the cell. Representative examples of such sequences include 
antisense thymidine kinase, antisense dihydrotblaie reductase (Maher and I^olnick, 
Arch. Hiochcm. ci- Biophys. 25i:2 14-220. 1987; B/ik et al., /-'AvLV AV:8360-8364. 1987), 
antisense HHR2 (Coussens et al.. Science i 1 32- 1 1 39, 1985), antisen,se ABL 

30 (Fainstein et al.. Oncogene 1477- 148 1 , 19S9). antisense Myc (Stanton et al., Naiure 
-^/0:423-425, 1984) and antisense ras. as well as antisense sequences which block any 
of the enzymes in the nucleotide biosyntheiic pathwas . In other embodiments, the 
antisense sequence is selected from the group consisting of sequences which encode 
influenza virus. HIV, HSV, HPV. CMV, and HB\'. The antisense sequence may also 

35 be an antisense RNA complementary to RN.\ sequences necessary for pathogenicity. 
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Altcmati\ cly, ihc hioloij;icaII> active nucleic acid molecule may be a sense RNA (or 
DNA) complernenuuy lo RNA sequences necessary for pathogenicity. 

Witiiin a further embodiment of the invention antisense RNA may be 
utiH/,ed as an anti-tumor agent in order to induce a potent Class 1 restricted response. 
5 Briefly, in addition to binding RNA and thereb\- pre\ eniing translation of a specific 
mRNA, high lev els of specific antisense sequences are helic\ cd to induce the increased 
expression of nUcrfcrons (mcluding gamnia-micrferon). due to the fomiation of large 
quantities of double-siranded RNA. The increased expression of gamma interferon, in 
lurn. boosts the expression of MHC Class 1 anliL'cns. Prelerrcd antisense sequences for 
10 use \n this regard mclude aciin RNA, myosm RNA. and histone RNA. Antisense RNA 
which fomis a misf natch with act in RNA is particularly p ret erred. 

In another embodiment, lentiviral \ectors of the nnention express a 
surface protein that is itself iherapeutically beneficial For exaniple, in the particular 
case of I IIV, expression of the human CD4 proteni specifically in HIV -infected cells 
15 may be beneficial in two ways: 

1. Binding of CI)4 lo IIIX' en\ mtracellularly could inhibit the 
fomiation of \ iable \ iral panicles much as soluble CI)4 has been sho\v n to do for free 
virus, but wiilioul the problem of systematic clearance ami possible mimunogenicit\ . 
since the protein will remaiti membrane bound and is structurally identical to 

20 endogent)us Cr)4 (to which the patient shoukl be innnuiu^loi^icalix tolerant). 

2. Since the C04/H1\' en\ complex has been implicated as a cause 
of cell deatii, additional expression of CD4 (in ihe presence ot' excess HlV'-en\' present 
in FllV-infected cells) leads to more rapid ccl! death and thus inhibits \iral 
dissemination. This ina\' be particularly applicable [o monocytes and macroptiages. 

25 which act as a reservoir tor vnus production as a lesull of their relative retracliiity to 

HIV-inducetl cytoioxicily (which, in turn, is apparently due to the relative lack of CD4 

on their cell surfaces). 

Still further aspects of the present invention relate to lentiviral vectors 

capable of immunostimulalion. Brictly, the ability to recogni/e and defend against 
30 foreign pathogens is essential to the function of the immune system. In particular, the 

immune system must be capable of distinguishing "self irom "nonself {i.e., foreign). 

so that the defensive mechanisms of the host are tlirected toward invading entities 

instead of against host tissues. Cytolytic I lymphocytes (C I Ls) arc typically induced. 

or stimulated, by the display of a cell surface recognition structure, such as a processed, 
35 pathogen-specific peptide, in conjunction with a MHC class I or class il cell surface 

protein. 
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Diseases suitable to treatment inciiitle viral infections such as inHucnza 
virus, respiratory syncytial virus, HPV, HBV, HCV, 1:BV, HIV, HSV, FeLV, FIV, 
Hantavirus, ilTLV I, MTLV il and CMV, cancers such as melanomas, renal carcinoma, 
breast cancer, ovarian cancer and other cancers, and heart disease. 
5 In one embodiment, the invention provides methods for stimulating a 

specitlc immune response and'or inhibiting viral spread by using Icnti viral vectors thai 
direct the expression of an antigen or modified form thereof in susceptible target cells, 
wherein the antigen is capable of either (1) initialing an imnuine response to the viral 
antigen or (2) preventing the viral spread by occupying cellular receptors required tor 

10 viral interactions. Expression of the protein may he transient or stable with tune. 
Where an immune response is to be stimulated io a pathogenic antigen, the lent i viral 
vector is preferably designed to express a modified fomi of the antigen which will 
stimulate an immune response and which has reduced pathogenicity relative to the 
native antigen. Tins immune response is achieved when cells present antigens in the 

15 correct manner, i.e., in the context of the MlfC class 1 and/or 11 molecules along with 
accessory' molecules such as CD3, lCAM-1, lC\'\M-2, I.FA-K or analogs thereof (r.^i^., 
Altmann et al., Nutitre 338:512, 1989). 

An immune response can also be achie\ed by transferring lo an 
appropriate immune cell (such as a T lymphocyte) (a) the gene for the specitlc 'I -cell 

20 receptor that recognizes the antigen of interest (in the context of an appropriate MHC 
molecule if necessary), (b) the gene for an immunoglobulin which recogni/cs the 
antigen of mteresU or (c) the gene for a liybrid ot^ ihc iwo which provides a ("fl. 
response in the absence of the iMHC context. 1 luis, recombinant retroviruses may also 
be used as an mmninostiinulant, immunomoduiaiot, or \ accme, etc. 

25 In the particular case of disease caused by HIV intection, where 

immunostimuiation is desired, the antigen generated from a recombinant retrovirus ma> 
be in a fomi which will elicit either or both an HI. A class I- or class fl-restricted 
immune response. In the case of HIV envelope antigen, for example, the antigen is 
preferably selected from gp 100, gp 120, and gp41, which have been modi tied to 

30 reduce their pathogenicity. In particular, the selected antigen is modified to reduce the 
possibility of syncytia, to avoid expression of epitopes leading to a disease enhancing 
immune response, to remove immunodominant, but haplotype-specillc epitopes or to 
present several haplotype-specitle epitopes, and allow a response capable of eliminatmg 
cells infected with most or all strains of HIV The haplotypc-spccific epitopes can be 

35 further selected to promote the stimulation of an immune response within an animal 
which is cross-reactive against other strains of HI\'. Antigens trom other HIV genes or 
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conibinalions ol" genes, such as gag. pol, rev. \[[\ nef, prot, gag pol. gag prot, etc.. may 
also pro\ ide protection in particular cases. 

HIV is only one example. This approach may be utili/ed for many 
virally linked diseases or cancers where a characteristic antigen (whicli does not need to 
5 be a membrane protein) is expressed. Representative examples of such "disease- 
associated" antigens all or portions of various eukar\otic (including for example, 
parasites), prokaiyotic {c.<^.. bacterial) or \ iral pathogens. Representative examples of 
\iral pathogens include the Mepaliiis B \ irus ("HBX"') and Hepatitis C N'lrus ("HC\'": 
see U.S. Serial .\o. 08, 1 02 1 32 ). Human Papiloma \ irus {"HP\"'; see WO 92 (,)5248: 

10 WO 90.'1()459; HPO 133,123). hpstein-Ban Virus ( FB\ sec EFO I73,2.'=;4: JP 
1,128,788; and U.S. Patent Nos. 4,939,088 and 5,173.414). heiine Leukemia \ irus 
("FelA"'; see U.S. Serial No. 07/948,358; HPO 377,842: WO 9n OSS32; WO 93 09238). 
Feline Immunodeficiency Virus ("FI\"': U.S. Patent No. 5.03^,753: WO 92 156S4; WO 
90.13573: and .IP 4,120,085). HTLV 1 and II. and Human Immunodellciencv \ irus 

us ("HIV"; see U.S. Serial No. 07/965,084). 

hi accordance with the immunostiniulation aspects of the invention, 
substances which are carried and. or expressed by the ientiviral vectors of the present 
inv ention may also include "immunomodulatory faetors." many of w hich are set t'orth 
above. Immunomodulatoiy factors refer to factors that, when manufacuired bv- one or 

20 more of the cells involved in an immune response, or. v\ hich w hen atidcd exogenoiislv 
to the cells, causes ilie immune response to he different in quality or poienc> from that 
which would ha\'e occurred m the absence of the factor. The factor may al.-.(> be 
expressed from a non-recombinant retrov irus derived gene, but the expression is driven 
or controlled by the recombinant retrovirus. The qualitv or potency of a response ma>' 

25 be measured by a variety of assays known to one ot" skill m the art including. Ibr 
example, i/i vitro assays which measure cellular proliferation (ct;,, -^H thymidine 
uptake), and iti viiro cytotoxic assays {c.s^., which measure -^'Cr release) {sec. Wanier 
ct al., AIDS Res. and Ifunian Retroviruses ":645-655, 1991). Immunomodulatorv 
factors may be active both in vivo and ex vivo. 

30 Representative examples ofsuch factors include cytokines, such as lF-1. 

IL-2 (Kampiah ct al., ,/. Imnumolo^^y Z-^-/: 290-298, 1990; Weber et al., J. Exp. MeJ. 
/66:I716-1733, 1987; Ganshacher ct al., ./. Exp. Med. 772; 121 7-1224, 1990; U.S. 
Patent No. 4,738,927). IL.-3, IL-4 (Tcpper et al.. Cell 57:503-512. 1989; Golumbek 
etal.. Science 257:713-716. 1991; U.S. Patent No. 5.01 7.69 1 ), IL-5. IL-6 (Brakenhof 

3.^ etal., ./. Immunol. 7-^9:4116-4121, 1987; WO 90 06370), IL-7 (U.S. Patent 
No. 4,965,195). iU-8, IU-9, IU-10. II. -11, IU-12. lU-13 {Cytokine BulletuK Summer 



BNSDOCID < WO d904026A2 .1 > 



wo 99/04026 




PCT/US98/ 14996 



1994), lL-14 and IL-15, particularly IL-2, IL-4, IL-6, IL-12, and II. -13. alpha interferon 
(Finter et al., Druirs -^J(5): 749-705, 1991; U.S. Patc!U No. 4,892,743; U.S. Patent 
No. 4.966,843; WO 85/02S62; Nagata ct al., Nature 284:316-320, 1980; Famillctti 
etal., Methods in Enz. 76':387-394, 1981; 'l\vu cl al., Proc Natl. Acad. Sci. USA 
5 6'(5:2046-2050, 1989; Faktor etal.. Oncogene 5:867-872, 1990), beta interferon (Seif 
etal., J. Virol. 65:664-671, 1991), gamma interferons (Radford etal.. The American 
Society of flepatologv 2iK)S-20\5, 1991; Walanabe et al., /W. l.V .V6:9456-9460, 1989; 
Gansbacfier et ai.. Cancer Research 5^^:7820-7825, 1990; Maio etal.. Can. Inununol. 
Immunotlier. J0:34-42, 1989; U.S. Patent No. 4,762,79 1 ; U.S. Patent No. 4,727. 1 38), 

10 G-CSF (U.S. Patent Nos. 4,999,291 and 4,810,643), (iM-CSF (WO 85/04188), tumor 
necrosis factors (TNFs) (.layaraman etal., ./. hnmunoloi^' /^-/:942-95 1 . 1990), 003 
(Krissancn etal., Immunoiyenaics 26:258-266, 1987), ICAM-1 (Altman etal., Nature 
i.?(S':512-514, 1989; Simmons etal.. Nature .^>V;()24-627, 1988), lC,AM-2, LFA-1. 
LFA-3 (Wallner etal., J.Exp. Med. /66(4);923-932. 19S7), MHO class I molecules, 

!3 MHO class 11 molecules, B7.1-.3. (^2-»"it-'»'oglobulin (Panics et al., PNAS 7<S=:2253-2257, 
1981 ), chapcrones such as calncxin, MHO linked iransp4)rter proteins or analogs thereof 
(Powis etal.. Nature j5-^:52S-53 1 , 1991). Immunomodulatory factors may also be 
agonists, antagonists, or ligands for these molecules, f-or example soluble fomis of 
receptors can often behave as antagonists for iliese types of factors, as can mutated 

20 fonns of the factors themselves. 

The choice of which inimunoniodulatory factor to include within a 
lentiviral vector may be based upon known therapeutic cOecls of the iaeit)r, or, 
expenmentally determined. For exam]>le. a knoun liierapeutic effector in chronic 
hepatitis B infections is alpha interferon. This has been found to be cftlcacious in 

25 compcnsatmg a patient's nnmunoiogical deficit, aiul tfiereby assisting recovciA' trom the 
disease. Alternatively, a suitable immunomodulatorx- factor may be experimentally 
detemiincd. F3ricny, blood samples are Hrst taken from patients with a hepatic disease. 
Peripheral blood lymphocytes (PBLs) are resliniulated in vitro with autologous or UFA 
matched cells {e.g.. EBV transformed cells) thai luue been transduced with a 

30 recombinant retrovirus which directs the expression of an immunogenic portion of a 
hepatitis antigen and the immunomodulatory factor. These stimulated PBLs are then 
used as effectors in a OTL assay with the UFA matched transduced cells as targets. An 
increase m OTL response over that seen in the same assay performed using HLA 
matched stimulator and target cells transduced with a \ ector encoding the antigen alone, 

35 indicates a useful immunomodulatory factor Within one embodiment of the invention, 
the immunomodulatorv' factor gamma interferon is panicularly preferred. 
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The present invention also includes lenti viral vectors which encode 
immunogenic portions of desired antigens including, tor example, viral, bacterial or 
parasite antigens. For example, at least one immunogenic portion of a hepatitis B 
antigen can be incorporated into a lenliviral vector. The immunogenic portion(s) which 
5 are incorporated into the lenliviral vector may be of varying length, although it is 
generally preferred that the portions be at least ') ammo acids long, and may mcludc the 
cnlire antigen. Immunogcnicit\' of a particular sequence is often dilTicull to predict, 
although T cell epitopes may be predicted ulili/nig the III. A A2.\ motif described b\' 
Falk el al. {Xaiurc .v'>/;290, 1991). From this anaKsis. peptides may be synthcsi/ei.1 

I(j and used as targets in an /// viiro cytotoxic assa\ . Oilier assa> s, ho\\ e\ er, ma\ also be 
utili/.ed, including, for example, HLISA which Lleiects the presence of antibodies against 
the newly mtroduccd vector, as well as assays which test for T helper cells, such as 
gamma-interferon assays. IL-2 production assays, and proliferation assays. 

Within one embodiment of the present invention, at least one 

15 immunogenic portion of a hepatitis C antigen can be incor|K>raied into a Icntiviral 
vector. Preferred immunogenic poriion(s) of hejniiitis C may be found in the C and 
NS3-NS4 regions since these regions are the most conserved among \ arious types of 
hepatitis C virus (Houghton et al., Ileput()lnii\ /7: 1 1991). Particularly 
preferred immunogenic portions may be deternuned b\ a variet> of methods. For 

20 example, as noted above for the hepatitis H virus. ulentiFication of immunogenic 
portions of the polypeptide may be predicted based upon amino acid sequence. Bnctl> , 
\arious computer programs w hich are known to tlu>^e ot' ordinary skill in the art may he 
utili/ed to predict CTL epitopes. I'or examf^lc. (11 epilo{:tcs for the HFAA2.1 
haplotype may be predicted utilizing the HI A motif described by Falk ct al 

2> {Nature 35l:29i), 1991). From this analysis, (icptides are synthesized and used as 
targets in an vitro cytotoxic assay. 

Other disease-associated antigens which may be carried by the gene 
delivery constructs of the present invention include, for example immunogenic, non- 
tumorigenic fomis of altered cellular components which are normally associated with 

30 tumor cells (see U.S. Serial No. 08/104,424). Representative examples of altered 
cellular components which are normally associated with tumor cells include ras 
(wherein is understood to refer to antigens which have been .•Itcred to be non- 
tumorigenic), p53*, Rb*. altered protein encoded by Wilms' tumor gene, ubiquitin*. 
mucin, protein encoded by the DCC. APC, ami MCC genes, as well as receptors or 

?5 receptor-like structures such as neu. thyroid hormone receptor, IMatelet Derived Growth 
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Factor ("PDGF") receptor, insulin receptor, lipidemial ( jrowih Factor ("HGF") receptor, 
and the Colony Stimulating Factor ("CSF") receptor. 

Immunogenic portions of the disease-associated antigens described 
herein may be selected by a variety of methods. For example, the HLA A2. 
5 transgenic mouse has been shown to be useful as a model for human 'l -cell recognition 
of viral antigens. BrieHy, in the inHuen/a and hepatitis B viral systems, the murine 
T-ccU receptor repertoire recogni/es the same anngeiiic dctermuianls recogni/ed by 
human l-cells. In bolli systems, the C'l l, response generated in the UFA A2.1 
transgenic mouse is directed toward viitually the same epitope as those recognized by 
10 human CTLs of the FIF.A A2. ! haplotype (Vitiello ct al.. ./ /-xp. Med. / 7J: 1007- 101 5. 
1991; Vitiello ct al., Ahsircici of MolvcuUir IU<)Io<^y of Ilcpaiiiis H Virus Symposia, 
1992). 

hnmunogenic proteins of the present inv ention may also be manipulated 
by a variety of methods known in the art, in order to render them more immunogenic. 

15 Representative examples of such methods include: adding amino acid sequences that 
correspond to T helper epitopes; promoting cellular uptake by adding hydrophobic 
residues; by fomiing particulate structures; or any combination of tliese {sec i^cncrall\\ 
Hart, op. cii., Milich et al., Froc. Natl. Acad. Sci. USA -V.v lo 1 0- i 61 4. 19SS; Willis, 
Nature 340M?^~'MA, 1989; Griffiths et al., ./ T W. 6.5:450-456. 1991). 

20 Sequences which encode tlie abo\e-iiescribed nucleic acid molecules 

may be obtained from a variety of sources. Vov example, plasmids which contain 
sequences that encode aUcred cellular products nia> be obtained from a depository such 
as the American Type Culture Collection (AfCX', Rock\'ille, Mar>dand). or trom 
commercial sources such as Advanced }^K>tcchru^ logics ((\)lumbia, Maryland) 

25 Representative examples of plasnuds contaminu some (^f the above-described sequences 
include ATCC No. 41000 (containing a G to 1 mutation in the 12lh codon of ras), and 
ATCC No. 41049 (containing a (5 to A mutation in the 12th codon). 

Other nucleic acid molecules that eiicode the above-described 
substances, as well as other nucleic acid molecules that are advantageous for use within 

30 the present invention, may be readily obtained from a variety of sources, including for 
example depositories such as the American 1 ypc C\i(ture Collection (ATCC, Rock vi lie. 
Maryland), or from commercial sources such as liritish Bio-Technology Limited 
(Cowley, Oxford England). Representative examples include BBG 12 (containing the 
GM-CSF gene coding for the mature protein of 127 amino acids), BBG 6 (which 

35 contains sequences encoding gamma interferon). .\'fCC No. 39656 (which contains 
sequences encoding TNF), ATCC No. 2n()(>3 (winch contains sequences encoding alpha 
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interferon), ATCC Nos. 31902, 31902 and 39517 (whicii contains sequences encoding 
beta interferon), ATCC No 67024 (which contains a sequence which encodes 
Interlcukin-ib). ATCC Nos. 39405, 39452. 39516. 39626 and 39673 (which contanis 
sequences encoding lntcrleukin-2). ATCC Nos 59399, 5939S, and 67326 (which 
5 contain sequences encoding hiterleukin-3). ATCC No. 57592 (which contains 
sequences encoding hUcrleukni-4). .A'l CC Nos. 59394 and 59395 (u hich conlam 
sequences encoding hUerleukin-5). and ATCC No. 67153 (which contains sequences 
encoding Inlerleukin-d). 

Molecularl\ cloned genomes ulnch encode the iiepatitis B \ irus may be 

10 obtanied from a variety of sources nicludnig. tor example, the .Amencan Type Culture 
Collection (ATCC. Rockville. Maryland). F-or example, ATCC No. 45020 contains the 
total genomic DNA of hepatitis B (extracted from purified Dane particles) ist'c Figure 3 
of Blum et al., TIC 5(5):154-15S, 19S9) in the fiumW I site of pBR322 (Moriarty et al., 
Proc. Null. Acad. Sci. USA \V:2606-26 1 (J, 1981 ). (Note that correctable errors occur in 

15 the sequence of ATCC No. 45020.) 

-Mtematively, cDNA sequences for use w ith the present in\ention may 
be obtained from cells which express or contain the sequences. Brietly. within one 
embodiment mRNA troni a cell which expresses the gene of interest is reverse 
transcribed with reverse transcriptase using oh go dT or random primers. The smglc 

20 stranded cDNA may then be amplified by PCR {st t U.S. Patent Nos. 4,^)83. 2(J2. 
4,683,195 and 4,800.159}. See also /'C^R Tcc hnolo^^v /'nncipics uful Applicunons for 
DiWA Aniplificdfion, lirlich (cd.), Stockton Press. 19S^)) utili/mg oligonucleotide 
primers complementai*y to sequences on either side ol tlesned sequences. In pariicular. 
a double stranded DNA is denatured by hean ng in the presence of heat stable laq 

25 polymerase, sequence specific DNA primers. ATP. CTP, CjTP and ITP. Double- 
stranded DN.'\ is produced when synthesis is complete This cycle may be repeated 
many times, resulting in a factorial amplitlcation of the desired DNA. 

Nucleic acid molecules which are carried and/ or expressed by the 
lentiviral vectors described herein may also be synthesized, for example, on an .Applied 

30 Biosystems Inc. DNA synthesizer (t'.i^., APF^ DNA synlhesi/er model 392 (Foster CMi\ . 
California). 

Mfthods k)R l_: [ iu7I\(-. Li \ h\-iki .s \'f:c-|()R P.AR-nrLL;.s 
As noted above, the present in\ention also provides methods for 
delivering a selected heterologous sequence to a \ertcbrate or insect, comprising the 
35 step of administering to a vertebrate or insect a lentiviral vector panicle as described 



wo 99/04026 




PCT/US98/ 14996 



herein which is capable ol' expressing ihc selected lielerologous sequence. Such 
Icntiviral vector particles may be administered cither directly (^.^^^, intra\ enously, 
intramuscularly, intrapcriioncally, subcutaneously, orally, rcctally, intraocularly, 
intranasally), or by various physical methods such as lipofection (f^elgncr et al., Fmc. 
5 Nail. Acad. Sci. USA (V^:74 1 3-74 1 7, 1989), direct DNA injection (Fung ct al., Proc. 
Natl. Acad. Sci. USA (S'6i:353-357, 1983; Sccgcr ct al., Froc. Nail. Acad. Sci. USA 
(S7:5849-5852; Acsadi ct a!., M/Zi/rt' ->\^'r:8 1 5-8 1 8, 1991); niicroprojcctilc bombardment 
(Williams ct al., PNAS .VrV:2726-273(J, 1991); liposomes of several types {sec. c.i^.. 
Wang ct a!., /W.-l.V <SV:7S5 1 -7855, 198-:^); CaPC), (Dubcnsky et al., /^V^.S\S7 :7529-7533, 

10 1984); ONA ligand (Wu et al, ./. BioI. Chcni. 267: 1 6985- 16987, 1989); adnunislration 
of nucleic acids alone (WO 9(J/I1()92); or adnunislration of DNA linked to killed 
adenovirus (Curiel et al., ///////. Gene Ther. j: 147-154. 1992): via polycation 
compounds such as polylysine, utilizing receptor specific ligands; as well as with 
psoralen inactivated viruses such as Sendai or .Adenovirus. In addition, the Icntiviral 

15 vector particles may either be administered directly {i.e., in xivo), or to cells which have 
been removed {cx vivo), and subsequently returned. 

As discussed in more detail below, Icntiviral vector particles may be 
administered to a vertebrate or insect organism or cell for a wide variety of both 
therapeutic or productive purposes, including for example, for the purpose of 

20 stimulating a specific immune response; inhibiting ihc interaction of an agent with a 
host cell receptor; to express a toxic palliati\ e. including lor example, conditional toxic 
palliatives; to immunologically regulate the iinniune svsiern; to express markers, for 
replacement gene therapy and/or to produce a ieci>nihiruinl protein. These and other 
uses are discussed in more detail below. 

25 1 . Immunostimulation 

Within one aspect of the prescni iiucntion, compositions and methods 
are provided for administering a Icntiviral vector [larticle which is capable ol 
preventmg, inhibiting, stabilizing or reversing infectious, cancerous, auto-immune or 
immune diseases. Representative examples of such diseases include viral infections 

30 such as HIV, fIBV, HCV, HTLV I, HTLV II, CWW EBV and HPV, melanomas, 
diabetes, graft vs. host disease, Alzheimer's disease and heart disease. More 
specifically, within one aspect of the present invention, compositions and methods arc 
provided for stimulating an immune response {either humoral or cell-mediated) to a 
pathogenic agent, such that the pathogenic agent is either killed or inhibited. 
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Representative examples of pathogenic agents include bacteria, fungi, parasites, viruses 
and cancer cells. 



and methods arc provided for stimulating a specific inmiune response and inhibiting 
5 viral spread by using a lentiviral vector particle that directs the expression of an antigen 
or modified form thereof lo susceptible target cells capable of either (1) initiating an 
mimune response to the \ iral antigen or (2) pre\eniing the \ iral spread by occupying 
cellular receptors required for viral mteraciions. F.xprcssion of the vector nucleic acid 
encoded protein may be transient or stable u ith time XMicre an unnume response is to 

in be siinnilaied to a pathogenic antigen, the lentiviral vector is preferably designed lo 
express a modified foim of the antigen uhich w ill stimuiale an immune response and 
which has reduced pathogenicity relative to the native antigen. This immune response 
is achieved when cells present antigens in the correct manner, , m the context of the 
MHC class 1 and/or M molecules along with accessory molecules such as CD3. ICAM- 

15 1, ICAM-2, I,FA-1, or analogues thereof (c\.i:. , Altmann et al.. Xaiurc 33S:5\2, 1989). 
Cells infected with lentiviral vector particles are expected to tio this eftlciently because 
they closely mimic genuine viral infection and because they: (a) are able to infect non- 
replicating cells, (b) do not integrate into the host cell genome. {c)are not associated 
with any life threatening diseases, and (d) express high levels of heterologous protein. 

20 Because of these differences, lentiviral vectors can easilv be thought of as sate viral 
vectors which can be used on healthy individuals lor v accine use 



thai might be expected to function in a similar manner, m that the presenter cells arc 
fully viable and healthy, and low levels of \ iral atuigcns. rclaiiv c to heterologous genes, 

25 arc expressed. This presents a distinct advantage since the antigenic epitopes expressed 
can be altered by selective cloning of sub-fragments ot the gene lor the antigen into a 
lentiviral vector particle, leading to responses against immunogenic epitopes which may 
otherwise be overshadowed by immunodominant epitopes. Such an approach may be 
extended to the expression of a peptide having multiple epitopes, one or more of the 

30 epitopes being derived from different proteins Further, this aspect of the invention 
allows efficient stimulation of cytotoxic T lymphocytes fCTL) directed against 
antigenic epitopes, and peptide fragments of antigens encoded bv sub-fragments of 
genes, through intracellular synthesis and association ol' these peptide fragments with 
MHC Class I molecules. This approach may be utilized to map major 

35 immunodominant epitopes for CTL induction 



Within one embodiment of the inv ention the pathogenic agent is a virus. 



This aspect of the invention has a further adv antage over other systems 
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An immune response may also bo achieved by transferring to an 
appropriate immune cell (such as a T lympliocyte) the gene for the specific V cell 
receptor which recognizes the antigen of interest (in the context of an appropriate MHC 
molecule if necessar>'), for an immunoglobulin which recognizes the antigen of interest, 
5 or for a hybrid of the two which provides a CTL response in the absence of the MHC 
context. Ihus, the Icnliviral vector particles may be used as an immunoslmiulanl, 
immunomodulaior, or vaccine. 

In another embodiment of the invention, methods are provided for 
producing inhibitor palliatives wherein lentniral vector particles dehver and express 

U) defective interfering viral structural proteins, which inhibit viral assembly. Such 
lentiviral vector particles may encode det"ecii\c i^cji^, f^oL cnv or other viral particle 
protcitis or peptides and these would inhibit in a donnnant fasliion the assembly of viral 
particles. This occurs because the interaction of nonnal subunits of the viral particle is 
disturbed by interaction with the defective subunits. 

15 In another embodiment of the invention, methods are provided for the 

expression of inhibiting peptides or proteins specific viral protease. BrieHy, viral 
protease cleaves tlic viral ga^ and i^ug^'poi proteins inlo a number of smaller peptides. 
Failure of this cleavage in all cases leads to complete inhibition of production of 
infectious retroviral particles. As an example, the HIV protease is known to be an 

20 aspartyl protease and these are known to be inhibited by peptides made trom amino 
acids from protein or analogues. Lentiviral vectors to inhibit HIV will express one or 
multiple fused copies of such peptide inhibitors. 

Another embodiment invoK'cs ihc delivery of .suppressor genes which, 
when deleted, mutated, or not expressed m a cell type, Icatl to tumongenesis in that cell 

25 type. Reintroduction of the deleted gene by means of a lentiviral \ ector particle leads to 
regression of the tumor phenotype m these cells. Examples of such cancers are 
retinoblastoma and Wilms Tumor. Since malignancy can be considered to be an 
inhibition of cellular tcmiinal differentiation compared with cell grow th, administration 
of the lentiviral vector particle and expression of gene products which lead to 

30 differentiation of a tumor should also, in general, lead to regression. 

In yet another embodiment, the lentiviral \eclor provides a therapeutic 
effect by transcribing a ribo/yme (an RNA en/yme) (Haseloff and Cjerlach. Nature 
J.^^:585, 1989) which will cleave and hence inactivate RNA molecules corresponding 
to a pathogenic function. Since ribo/ymes function by recognizing a specific sequence 

35 in the target RNA and this sequence is normally 12 to 17 bp, this allows specific 
recognition of a particular RNW species such as a RNA or a retroviral genome. 
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Additional spccillcily may be achieved in some cases by making this a conditional toxic 
palhativc {sec below). 

One way of increasing the effectiveness of inhibitory palliatives is to 
express viral inhibitorv genes in conjunction with the expression of genes which 
5 increase the probability of infection of the resistant cell by the virus in question. The 
result is a nonproductive "dead-end" c\eiil \shicli would compete for productive 
infection events. In the specific case of lent i viral vector particles may be 

delivered which inhibit HI\' replication ib\ expressing anti-sense tat. etc., as descnbed 
above) and also ovcrexpress proteins required for infection, such as C'L)4. In this way, a 
10 relatively small number of vector-intccted lllX'-resistaiu cells act as a "sink" or 
"magnet" for multiple nonproductive fusion events with free virus or virally infected 
cells. 



2. Blocking Agents 

Many infectious diseases, cancers, autoimmune diseases, and other 

15 diseases inv olve the interaction of viral particles w ith cells, cells with cells, or cells with 
factors produced by themselves or other cells. In v iral mfections. viruses commonly 
enter cells via receptors on the surface of susceptible cells. In cancers or other 
proliferative conditions {ci^.. restenosis), cells may rcspt>nd inappropriately or not at all 
to signals from other cells or factors, or specitic tactors may be mutated, overexpressed, 

20 or undercxpressed, resulting in loss of appropriate cell cycle control. In autoimmune 
disease, there is inappropriate recognition of "self markers. Within the present 
invention, such interactions may be blocked bv producing, m yi\ n. an analogue lo either 
of the partners in an interaction. Aitcmaiiv cly. cell cycle control mav be restored bv 
preventing the transition from one phase to anothei (<-•,<;., Cj 1 to S phase) using a 

25 blocking factor which is absent or undercxpressed 1 his blocking action may occur 
intracellularly. on the cell membrane, or extracellularlv', and the action of the lentivirus 
vector particle carrv'ing a gene for a blocking agent, can be mediated either from inside 
a susceptible cell or by secreting a version of the blocking protein lo locally block the 
pathogenic interaction. 

30 In the case of HIV, the two agents of interaction are the gp 120 gp 41 

envelope protein and the CD4 receptor molecule. Thus, an appropriate blocker would 
be a Icniiviral vector expressing either an HI\' cnv analogue that blocks HIV entrx' 
without causing pathogenic effects, or a C04 receptor analogue. The CD4 analogue 
would be secreted and would function to protect neighboring cells, while the gp 120'gp 

."^5 41 is secreted or produced only intracellularly so as to protect only the veclor- 
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coniaining cell. It may be advanlageous to add human immuiu)ulobuiin heavy chains or 
other components to CD4 in order to enhance stability or complement lysis. 
Administration of a lentiviral vector particle encoding such a hybrid-soluble C04 to a 
host results in a continuous supply ot^a stable hybrid molecule. Efficacy of treatment 
5 can be assayed by measuring the usual indicators of disease progression, including 
antibody level, viral antigen production, intectious HIV levels, or levels of nonspecific 
infections. 

hi the case of uncontrolled proliferuinc stales, such as cancer or 
restenosis, cell cycle progression may be halted by the expression of a number of 

10 different factors that affect signaling by cychns or cyclin-dependenl kinases (C^HK). 
F'or example, the cyclin-dcpendent kinase inliibilors, pU), p2i. and p27 each regulate 
cycliniCDK mediated cell cycle signaling. Overe.xpression of these factors within a cell 
by a lentiviral vector particle results in a c>tostatic suppression of cell proliferation. 
Other factors that may be used tlierapeutically. as blocking agents or targets, include, 

15 for example, wild-type or mutant Rb, p53. Myc, P os, Jun, PC'NA , GAX, and pi 5. 



3. Expression of Palliatives 

Tecliniqucs similar to those described abtne can be used to produce 
lentiviral vector particles which direct the expression of an agent (or "palliative") which 
is capable of inhibiting a function of a pathogenic agent or gene. Within the present 

20 invention, "capable of inhibiting a function" means that the palliati\e either directly 
inhibits the function or indirectly does so. for cxamfTlc. by converting an agent present 
in the cells trom one which would not nomiallv inhiliit a lunclion of the pathogenic 
agent to one which does. F^xamples of such functions tor viral diseases incluelc 
adsorption, replication, gene expression, assembly, and exit of the virus from infected 

2> cells. Examples of such functions for a cancerous cell, c<incer-promoling growth fact(M\ 
or uncontrolled proliferative condition {ca: - restenosis) include viabiht> . cell 
replication, altered susceptibility to external signals {ca: , contact inhibition), and lack 
of production or production of mutated Ibmis of anti-oncogene proteins. 



a. Inhibitor Palliatives 
30 In one aspect of the present invention, the lentiviral vector particle 

directs the expression of a gene which can interfere with a function of a pathogenic 
agent, for instance in viral or malignant diseases. Such expression may either be 
essentially continuous or in response to the presence in the cell of another agent 
associated either with the pathogenic condition or with a specific cell l>'pe (an 



BNSDOCiD -WO 9904026A2 I > 



wo 99/04026 



PCT/LTS98/ 14996 



:8 

"ideniirying agent"). In addition, vector delivery ma\' be controlled b\ targeting vector 
cntrv' specifically to the desired cell type (tor instance, a virally intecied or malignant 
cell) as discussed above. 

One method of administration is leukophoresis. in vs hich about 20'^ o of 
5 an individual's PBLs are removed at any one lime and manipulated /// viiro \ \\\xs, 
approxmiately 2 x iO" cells may be treated and replaced. Repeat ircatmenis may also be 
performed. A!teniati\'ely, bone manow nKi\ he treated and allowed to amplify the 
effect as described above. In addilion, packagmg cell lines producing a \ eclor may be 
directly mjccled into a subject, allowing continuous production of recombinant \ inons. 

10 In one embodiment, lentiviral vector particles which express RNA 

complementary to key pathogenic gene transcripts (tor example, a viral gene product or 
an activated cellular oncogene) can be used to mhibit translation of that transcript into 
protein, such as the inhibition of translation ol'the Hl\' tat protein. Smce expression ot" 
this protein is essential for viral replication, cells containing the lentiviral \ ector particle 

15 would be resistant to HIV replication. 

In a second embodiment, where the paiht>gemc agent is a single-stranded 
virus having a packaging signal, RNA complementar\' to the \ iral packaging signal 
{e.g.. an HIV packaging signal when the palliative is directed against HIV) is expressed, 
so that the association of these molecules with tlic v iral packaging signal will, in the 

20 case of retroviruses, inhibit stem loop fomiatuMi or tRN.A primer binding required lor 
proper encapsidation or replication. 

In a third embodiment. lenii\nal \ecliM- particles ma\ be inircKluccd 
which expresses a palliative capable of sclcctucly inhibiting the expression ot" a 
pathogenic gene, or a palliatu'c capable of inhibiting the activ ity of a protein produced 

25 by the pathogenic agent. In the case of HIV. one example is a mutant tat protein vshich 
lacks the ability to transactivate expression from the HIV LTR and interferes (in a 
transdominant manner) with the nonnal functioning of tat protein. Such a mutant has 
been identified for HTLV II tat protein {"\II Leu " mutant; sec Wachsman et al.. 
Science 235:674. 1 987). A tnutant transrepressor tat should inhibit replication much as 

30 has been shown for an analogous mutant repressor in HS\'-I (Friedmann el al., Xainrc 
335:452, 1988). 

Such a transcriptional repressor protein can be selected for in tissue 
culture using any viral-specific transcriptional promoter whose expression is stimulated 
by a virus-specific Iransactivating protein (as described above). In the specific case of 
35 HIV, a cell line expressing HIV tat protein and the HSVTK. gene drnen by the HIV 
promoter will die in the presence of ACV. However, if a series of mutated tat genes are 
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introduced to the system, u mutant with the appropriate properties (i.e., represses 
transcription from the lilV promoter in the presence of wild-type tat) will grow and be 
selected. The mutant gene can then be reisolated from these cells. A cell line 
containing multiple copies of the conditionally lethal vector/tat system may be used to 
5 assure that surviving cell clones are not caused by endogenous mutations in these genes. 
A batter>' of randomly niutagenized tat genes are then introduced into these cells usmg a 
"rescuablc" Icntivirus vector (i.e., one that expresses ihc mulaiU lat protein and contains 
a bactenal origin of replication and drug resistance marker for growth and selection in 
bacteria). I'his allows a large number of random mutations to be evaluated and permits 
10 facile subsequent molecular cloning of the desired mutant cell line. This procedure may 
be used to identify and utilize mutations in a variety of viral transcriptional 
activator/ viral promoter systems for potential antiviral therapies. 



b. Conditional Toxic Palliatives 

Another approach for inhibitmg a path(^genic agent is to express a 

15 palliative which is toxic for the cell expressing the pathogenic condition. In this case, 
expression of the palliative from the lentiviral vector should be limited by the presence 
of an entity associated with the pathogenic agent, such as a specific viral RN.A. sequence 
identifying the pathogenic state, in order to a\ oid ilesiruclion of nonpathogenic cells. 

In one embodiment of this method, lenti\iral vector particles can be 

20 utilized to express a toxic gene (as discussed above) from a cell-speciHc responsive 
vector. In this manner, rapidly replicating cells, which contain the RNA sequences 
capable of activating the cell-specific responsive vectors, are pret'erentially destroyed by 
the cytotoxic agent produced by the lentiviral \ ecior particle 

In a similar manner to the preceding cnibodimeiit. the lentiviral \cctor 

25 can carr\' a gene lor phosphorylation, phosphonhosylation, ribosylation, or other 
metabolism of a purine- or pyrimidine-based drug. This gene may have no equivalent 
in mammalian cells and might come from organisms such as a virus, bacterium, fungus, 
or protozoan. An example of this would be the F. coli guanine phosphoribosyl 
transferase gene product, which is lethal in the presence of thioxanthinc {sec Besnard 

30 et ah, Mol. Cell. Biol. 7:4139-4141, 1987). Conditionally lethal gene products of this 
type (also referred to as "pro-dnigs" or "prodrug activating enzymes") have application 
to many presently known purine- or pyrimidine-based anticancer drugs, which often 
require intracellular ribosylation or phosphorylation in order to become effective 
cytotoxic agents. The conditionally lethal gene product could also metabolize a 
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nontoxic drug which is not a purine or pyrimidinc analogue to a cytotoxic form {sec 
Scaric ci ah, Bnt, J. Cancer >J:377-3S4, 1986). 

In another aspect of the present inveniion. lenti viral vectors arc provided 
which direct the expression of a gene product capable of activating an otherwise 
5 inactive precursor into an acti\e inhibitor of the pathogenic agent. For example, the 
IISVTK gene product may be used to more effccti\cly meiaboli/e potentially antiviral 
nucieoside analogues such as AZ V or ddC, The HSVTK. gene may be expressed under 
the control of a ccIl-spccific responsive \ eclor and iiuroduced into these cell types. 
AZT (and other nucleoside antn irals) must he melaholi/ed by cellular mechanisms to 

10 the nucleotide triphosphate fomi in order lo spcciHcali) inliibu retro\iral reverse 
transcriptase, and thus. HI\ replication (Funnam el .il.. Pnx . At/// . Icui/. Sc'i. L 'SA 
'V.^:S333-8337, 1986). Constitutive expression of IISVTK (a nucleoside and nucleoside 
kinase with vcr\' broad substrate speciHcitN ) results in more effccti\'e metabolism of 
these drugs to their biologically active nucleotide triphosphate fomi. A/l or ddC 

15 therapy will thereby be more effective, allow ing lower doses, less generalized toxicit) . 
and higher potency against productive infection. .ALidiiional nucleoside analogues 
whose nucleotide triphosphate fonns show seiecti\ it\ for retroviral re\'erse transcriptase 
but. as a result of the substrate specificity of cellular nucleoside and nucleotide kinases 
are not phosphor\'latcd, will be made more efficacious. 

20 Administration of these lentiviral \cctor panicles to human T cell and 

macrophage monocyte cell lines can increase their resistance to FllV m the presence oi 
AZ T and ddC compared to the same cells w ithout retroviral \ ector treatment. 
Treatment with AZ T would be at lower than normal ie\cls to avoid toxic side ettCLts 
but still ettlciently inhibit the spread of Hl\'. 1 lie course of treatment would be as 

J5 described for tlic blocker. 

In one embodiment, the lcnii\irai vector particle carries a gene 
specifying a product which is not in itself to.xic but, w hen processed or modified by a 
protein such as a protease spccitlc to a \ iral or other pathogen, is con\ erted into a toxic 
fonii. For example, the lentiviral vector could cany a gene encoding a proprotein for 

30 ricin A chain, which becomes toxic upon processing by the HIV protease. More 
specifically, a synthetic inacti\e proprotein fomi of the toxin ricin or diphtheria A 
chains could be cleaved to the active fomi by ananging for the HIV \ i rally encoded 
protease to recognize and cleave off an appropriate "pro" element. 

In another embodiment, the lentiviral \ ector particle may express a 

35 "reporting product" on the surface of the target cells in response to the presence of an 
identifying agent in the cells (such as expression of a \ iral gene). This surface protein 
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can be recognized by a cytotoxic agent, such as anlibodies for the reporting protein, or 
by cytotoxic T cells. In a similar manner, such a system can be used as a detection 
system {sec below) to simply identity those cells having a particular gene which 
expresses an identifying protein. 
5 Similarly, in another embodiment, a surface protein could be expressed 

which would itself be therapeutically beneficial. In the particular case of HIV, 
expression of the human CD4 protein specifically in HlV-intected cells may be 
beneficial in two ways: 

1. Binding of CD4 to IIIV tv/v iniracclhilarly could inhibit tlic 
10 fomialion of viable viral particles, much as soluble (1)4 has been shown to do for free 

virus, but without the problem of systematic clearance and possible immunogenicity, 
since the protein will remain membrane hound and is structurally identical to 
endogenous CD4 (to which the patient should be immunologically tolerant). 

2. Since the CD4/inV cnv complex has been implicated as a cause 
15 of cell death, additional expression of CD4 (in the presence of excess HlV-cvn present 

in HIV-infected cells) leads to more rapid cell death and thus inhibits viral 
dissemination. This may be particularly applicable to monocytes and macrophages, 
which act as a reservoir for virus production as a result of their relative retractility to 
HIV-induced cytotoxicity (which, in turn, is apparently tlue to the relative lack of Cl)4 

20 on their cell surfaces). 

In another embodiment, the icntiviral vector particle can provide a 
ribozyme which will cleave and inactivate RNA molecules essential for viabilit\' of the 
vector infected cell. By making ribozyme production dependent on a specitlc RNA 
sequence conesponding to the pathogenic state, such as IIIV tat, toxicity is specific to 

2.^ the pathogenic state. 



4. Hxpression of Vlarkers 

The above-described technicpic of expressing a palliative in a cell in 
response to a specific RNA sequence can also be modified to enable detection of a 
particular gene in a cell which expresses an identifvmg protein (for example, a gene 

30 carried by a particular virus), and hence enable detection of cells carrying that \'irus. In 
addition, this tectinique enables tiic detection of \ iruses (such as IHV) in a clinical 
sample of cells carrying an identifying protein associated with the virus. 

This modification can be accomplished by providing a genome coding 
for a product, the presence of which can be rcadil\ ideniitled {the "marker product"), in 

35 a lentiviral vector which responds to the presence of the identifying protein in the 
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infected cells. For example, HIV, when ii infects suitable cells, nmkes tat and re\'. The 
indicator cells can thus be provided with a genome (such as by infection with an 
appropriate lenlivirus particle) which codes for a marker gene, such as the alkaline 
phosphatase gene, (Vgalactosidase gene, or the luciferasc gene which is expressed by 
5 the lentivirus particle upon activation by the lai and or rev RNA transcript. In the case 
of (^-galactosidase or alkaline phosphatase, exposing the cells to substrate analogues 
results HI a color or Huorcscencc change if the sample is positi\ c tor Hl\'. hi the case of 
luciferase, exposmg the sample to luciferin w ill resuli m luminescence if the sample is 
positi\c lor Hl\'. For inlracellLiLir en/\-mcs such as (i-galactosidasc. the \-n-al tiire can 

l(j be measured directly by counting colored or fluorescent cells, or by makmg cell extracts 
and perfomiing a suitable assay. I-or the membrane bond fomi of alkaline phosphatase, 
virus tilre can also be measured by performing en/vme assays on the cell surface using 
a lluorescent substrate. For secreted eni^ymes. such as an engmeered fomi of alkaline 
phosphatase, small samples of culture supernatant are assayed for activity, allowing 

15 continuous monitoring of a single culture over time. Thus, different forms of this 
marker system can be used for different pun-)Oses. These include counting active v irus, 
or sensitively and simply measuring viral spread in a culture and the inhibition of this 
spread by various drugs. 

Further specificity can be incorf*)oraled mto the preceding system b> 

20 testing for the presence of the virus either w ith or u iihout neiitrali/ing antibodies to that 
virus. F"or example, in one portion of llie clinical sam|')lc benig tested, neutralizing 
antibodies to HIV may be present; whereas in atunher portion tliere would be no 
neutralizing antibodies. If the tests were llegalI^e in tlie system where there were 
antibodies and positive where there were no antibodies, this would assist in con funnng 

25 the presence of HI V. 

Within an analogous system tbr an in vitro assay, the presence of a 
particular gene, such as a viral gene, may be detennined in a cell sample, hi this case, 
the cells of the sample arc infected with a suitable lenti viral vector particle vvliich 
carries the reporter gene which is only expressed in the presence of the appropriate viral 

3(1 RNA transcript. The reporter gene, after entering the sample cells, will express its 
reporting product (such as P-galactosidase or luciferasc) only if the host cell expresses 
the appropriate viral proteins. 

These assays are more rapid and sensitive, since the reporter gene can 
express a greater amount of reporting product than identifying agent present, which 

35 results in an amplification effect. 



BNSCOC D -WO ^■9O4j026A_r 



wo 99/04026 



PCT/US98/ 14996 



33 

5. Immune Down-Rctzulation 

As described above, the present invention also provides icntiviral vector 
particles capable ot' suppressing one or more elements of the immune system in target 
cells infected with the lentivirus. Briefly, specific down-regulation of inappropriate or 
5 unwanted immune responses, such as in chronic hepatitis or in transplants of 
heterologous tissue such as bone marrow, can be engmeered using immune-suppressive 
viral gene products which suppress surface expression of transplantation (MHC) 
antigen. Group C adenoviruses Ad2 and Ad3 possess a 19 kd glycoprotein (gp 19) 
encoded in the E3 region of the virus. Tins gp 19 molecule bmds to class 1 MHC' 

10 molecules in the endoplasmic reticulum of cells, and pre\ ents temiinal glycosylation 
and translocation of class I MHC to the cell surface. For example, prior to bone marrow 
transplantation, donor bone marrow cells may be infectetl with a gp 19-en coding 
lentiviral vector which, upon expression of the gp 19. inhibit tlie surface expression of 
MHC class I transplantation antigens. These donor cells may be transplanted with low 

15 risk of graft rejection and may require a minimal minuinosuppressive regimen for the 
transplant patient. This may allow an acceptable donor-recipient chimeric state to exist 
with fewer complications. Similar treatments may be used to treat the range of so- 
called autoimmune diseases, including lupus erythromiatis, multiple sclerosis, 
rheumatoid arthritis or chronic hepatitis B infection. In the context of arthritis, 

20 lentiviral vectors may be utilized to directly transtluce synoviocytes, either /// vivo, c.\ 
vivo. 

An altcniative method invoK cs the use of atUi-scnse message, ribo/yme, 
or otlicr spec i tic gene expression inhibitor specit'ic tor T cell clones which are 
autoreactive m nature. These block the expression of the I cell receptor of particular 
2.^ unwanted clones responsible for an autoimmune response, fhe ant]-sense, ribo/yme, or 
other gene may be introduced using the viral vector delivery system. 

6. Replacement or Augmentation Gene 1 herapy 

One further aspect of the present invention relates to transfomiing cells 
of a vertebrate or insect with a lentiviral vector which supplies genetic sequences 

30 capable of expressing a therapeutic protein. Within one embodiment of the present 
invention, the lentiviral vector is designed to express a therapeutic protein capable of 
preventing, inhibiting, stabilizing or reversing an inherited or noninherited genetic 
defect in metabolism, immune regulation, homional regulation, enzymatic or membrane 
associated stmctural function. This embodiment also describes the lentiviral vector 

35 particle capable of transducing individual cells, whereby the therapeutic protein is able 
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to be cxprcsscU sysieinically or locally from a spLvil'ic cell or lissuc, whereby ihc 
tliorapeulic protein is capable or(a)tiic rcplaccmciu of an absent or deleclno cellular 
protein or enzyme, or (b) siipplemenl production of a dcfecti\ e of low expressed 
cellular protein or en/ynie. Such diseases may include cystic fibrosis. Parkinson's 
5 disease, hypercholesterolemia, adenosine deaminase deficiency. B-globin disorders, 
ficmophilia A B. Gaucher's disease, diabetes and leukemia. W'lihm certain preferred 
embodiments \eciors as described herein are utilized m order to provide long-term 
expression of tlie desired gene of interest. 

a. Treatment of Gaiic her disease 

10 As an example of the present iin cntion, lentiv iral \ eclor particles can he 

constructed and utili/ed to treat Gaucher disease. Briell> . Gaudier tlisease is a genetic 
disorder that is characterized by the deficienc> of the enz\me glucocerebrosidase. This 
type of therapy is an example of a single gene replacement therapy by pro\ iding a 
functional cellular enzyme. Ihis enzyme tleficiencv leads to the accumulation of 

15 gliicocerebroside in the iy.sosomes of all cells m ihe bod\. However, the disease 
phenotype is manifested only in the macrophages, except m the very rare neuronpathic 
tbmis of the disease. The disease usually leads to enlargement of the liver and spleen 
and lesions in the bones. (For a review, .sec Snc/u c :^<y:'^94, 19*^>2, and The Metabolic 
Basis of Inhcnted Disease, 6th ed., Scriver et a!., vol. 2, p 1677). 

20 b. l.entiviral vector particles Hxpressmg Human hactor XTII and I-act^M- I .\ 

for I reatment of Hemophilia 

Within one embodiment of the invention, lentiviral vector particles 
expressing a B-domain deleted factor WW protein are provided (see also PCT WO 
9109122. and Attorney's Docket No. 1 155.005 entitled '"Metiiods for .Xdnnnislration of 
25 Recombinant Gene Delivery Vehicles for Treatment of Hemophilia and Other 
Disorders"). 

Brietlv', the B domain separates the second and third A domains of tacior 
lATII in the new 1\ synthesized single-chain molecule The B domain extends from 
amino acids "'12 to 1648 according to Wood a uL. 19S4, \aiure 312:330-33"'. 
30 Proteolytic activation of factor Villi involv es cleavage at specific Arg residues locatetl 
at positions 372. 740. and 1689. Cleavages of plasma factor VIII by thrombin or l-actor 
Xa at Arg 372 and Arg 1689 are essential for I'actor \Tll to participate in coagulation. 
Therefore, activated factor VTII consists of a heterodimcr comprising amino acids 
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rcsidiiL's 1-372 (containing the Al domain) and residues 373-740 (containing liie A2 
domain), and residues l(><){)-2332 (containing the A3-C1-C'2 domain). 

An important advantage in using the B domain deleted I'VIII molecule is 
that the reduced size appears to be less prone to proteolytic degradation and tliercfor, no 
5 addition of plasma-derived albumin is necessar\' for stabilization of the final product. 
The temi "B domain deletion" as used herem \\ ith respect io factor VI 11 protem refers to 
a factor V'llI protein m which some or all removal of some or all of the amino acids 
hctwccn residues 711 and 1694 ha\e been deleted, arul which still preser\es a 
biologically active 1^-111 molecule. 

10 A range of B domain deletions can exist depending on w hich ammo acid 

residues m the B domain is deleted and w heiehy the biological acti\ ity of tiie FVIII 
molecule is still presen'ed. A specillc B domain deletion called the SQN e.\ists which 
is created by fusing Ser 743 to Gin 1638 (Lind a al., 1W5, l-ur ./. litochcm 323:19-27. 
and PCT \VC) 91/09122) This deletes amino acid residues 744 to 1637 from the B 

\5 domain creating a Ser-Glu-Asn (SQN) link between the \2 and A3 FVIII domains. 
When compared to plasma-derived FVIII, the SQN deletioti of the B domain of FVIII 
did not intluence its in vivo pharmacokinetics ( Fijnvandraat, et al., P.R.Schattaiwr 
ycrui^s^^escllschatt mhH (Stuttgart) 77:298-3f)2. 1997). The terms "Factor VIII SQN 
deletion" or "SQN deletion" as used herein refer to this deletion and to other deletions 

20 which preserve the single S-Q-N tripeptide seL|uence and u Inch result m the deletion of 
the amino acids between the two B-domam SQN sequences (See FC^T \V() 91 ()9] 22 tor 
a description of this amino acid sequence). 

There are number of other {^domain deleted ionns of factcM VIII. 
cDNA's cncodnig all of these B-domain deleted tacior \'III proteins can be inserted int(^ 

25 lenti viral vector particles by using standard mnieculai biology techniques. For example 
cDNA molecules encoding the following [^-domain factor VIII deletions can be 
constructed as described below: 
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LLulUll V 1 'OK)} I J KJdllwlHl^>ll \ — -'.0-'-+,' 






76{ )- 1 ( 1 -\-F~\' li h 


iVi(.LllIv.ll \ I /dot I I yJl l-Ili^ — .JiV/l 


1 It'c \ - \ ( f - \ 'I H i\t^\ 11" m i n one'' 

ihrombm site) 


Sai-\er (1^)87) DNA 6:553 


dcs 74^-1560 


Mertens ( 1 9^3 ) Br J Hacmaiol 85 : 1 33 


dcs 868-1562 

dcs 713-1()37 (ilimmbin resistant) 


Hsmon (1990) E^lood 76:1593 


dcs "^97-1562 


Donath ( 1995) Biochciii J 312:49 


dcs ^41-1668 


Webb (1993) BBRC 190:536 


PCR cloned from mRNA 


Lind (1995) Hur J Biochcin 232:19 


dcs "4S-W>4S {partially processed) 
dcs ^53- 1 648( partially processed) 
dcs 7""- 1 64S( partially processed) 
dcs 44- 1 ■ ( I- \ II1-S(J) 

1 ""til 1/ i C ,I'\'IIT T">fli 

dcs . 4S-H'4> O'X III-KH) 

/ i r ^ t-i 1 1 tTi • 1 1 n • II 1 A ^ 1 n rt 1 '1 1 1 \.' 

\.H_J>L.j Ut>Iil».llll 1 ,^.\IL^lJ'UlLl4lll> 

processed) 

debB, ;^Arg(l \'1I1R4) 
dcsB. :4Arg ( f-VIIlR5» 


l.angncr ( 1988) Bclinng In.si Mitt 16-25 


dcs :'41-16SV 
dcs SI 6- 1598 


Cheung ( 1996) Blood S8:325a 


dcs '^46-l()3^^ 


Pipes (1996) Blood 88:441a 


dcs 795-H>8S (thrombin sues mutated) 



A B domain deletion in wliich an lg(j iiiiiLic region has been inserted can 
also be used. For instance, a deletion of this t\ pc can he obtained troni plasnnd PS VI 8- 
i[]2, which was designed to link the hea\y aiul light chains vMth a short hinge region 
5 from immunoglobulin A. To obtain clca\agc at the end of the hca\_\' chain and to 
release the light cliain, some residues of the [) elomain arc included on either side of the 
hinge sequence. The 5' untranslated leader and signal peptide are from the human 
P actor VHPC cDNA. with the Kozak consensus sequence at the initiation codon as in 
pSVF-8-302. A description of this vector is included m Chapman ci al.. I'.S Patent No 
lo 5,595,886. The 3' untranslated region is the same fused Factor \'H1 and iPA sequence 
as found in pSVFS-SOlC. 

The construction may be completed in tuo steps: an oligomer with 
cohesive ends for FcoRI and Bell ( 1 17 hp) was cloned into a transfer vector, pF8GM7. 
the DNA sequence of the oligomer was checked by ml 3 subcioning and Sanger 
15 sequencing. 

Next, the Hnal plasinid was asscmbletl h\ ligation of the follow ing three 

fragments: 
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(a) FspI-lxoRI fragmenl fomi pSVFS-92S; 

(b) EcoRI-NdcI fragment of the transfer veetor pFSGM? with 

oligomer; and 

(c) Fspl-Ndel fragment of pSVF8-80K. 

5 Descriptions of pSVF8-92S and pSVF8-8()K are included in Chapman ei 

al.. U.S. Patent No. 5,595,886. 

Three additional B domain-deleted factor VTII constructs of particular 
interest for inclusion in the ientiviral vector particles of the iin enticMi can be prepar ed as 
follows. Plasnnd pSVh\S-5()0 encodes a factor VllI protein with amino acids ^70 to 
10 1656 of the full length Factor VHI deleted. In addition the threonine at position 1672 of 
the full-length factor VIII sequence was also deleteii. The following is a description of 
the construction of the vector. 

I he pSVFS-500 plasmid is a derivative o{ pSVF8-302 in which ifie 
regions coding for the 92K and 80K domains are fused with a small connecting (>- 
15 region of 21 amino acids, retaining the natural proteolytic processing sites. This 
plasmid was constructed in llie following manner: 

(1) A Sall-Kpnl fragment of 1984 bp containing the region coding 
for the 92K protein (except for the carbo.xyl temiinal end) and BstXl-Sall fragment of 
2186 bp containing the region coding for the carboxyl eiui of the SOK protein w ith 3' 

20 end untranslated region were isolated by gel electrophoresis after digestion of pSV'F8- 
302 with rcstnction enzymes. 

(2) A Bcll-BstXI fragment of 1705 bp coniaiiung most of the rej^ton 
coding for the 8()K protein was isolated after gci electroj'>lioresis of the Banilll-Xbal 
fragment of pl'C12FS. {pL'CF812 is prepared troni pl-8-l()2 which is described in I'.S. 

25 Patent No. 5,045,455. pF8-102 is digested with Bam-.Xhal and ligated into vector 
pUC12 by in vitro mutagenesis at a Bell site using the following primer: 5' AC 1 .AC 1 
e rr CAA TCT GAT CAA GAG GAA 3' (Seq ID No. ). 

(3) A KpnI-HcoRI fragment containing the carboxyl end of the 92K 
protein and part of the p region (4 amino acids) was obtained by digestion of the Sail 

30 cassette irom pSVFS-302 with Kpnl and EcoRl. 

(4) Ligation of four pieces of synthetic DNA (shown in Figure 39) to 
the fragments of steps (2) and (3 ) and digestion with Kpnl. 

(5) Final ligation of fragments from steps (1 ) and (4): digestion witli 
Sail and gel purification of the 6428 bp Sail cassette. 

35 (6) Ligation of the Sail cassette into pSV7cl vector; transfomiation of 

MB 101 and colony hybridization to isolate pSVF8-5()0 (Figure 40). The sequence of 



BNSDOCID -WO 990-i026A^ 



wo 99/04026 



PCT/US98/14996 



38 

the junciion region coding for 92K-P-S0K was verified by DNA sequence after cloning 
in M13. 

The sequence was changed to incorporate unique Nrul and Mlul 
restriction sites without changing the amino acid sequence These sites were alsoused 
5 to construct other two additional B-domain deleted \ ectors which are descnbed below. 

pSV500BAThr was constructed from pSVFS-SOO. The threonine 
deletion at position 1672 was maintained. A synthetic linker was used to consiruci 
pS\'500BAThr. The linker extends from a unique Nrul site at Serf 765) to a unique 
MIuI site at lle(1659) in the pSVF8-50O vector. This linker was substituted for the 
10 corresponding region of pSVFS-SOO. 

A third vector pSVFSoOOB was constructed from pS\'50()BAThr. This 
vector is identical to pSVFS-500B except liiat liie codon for threonine 1672 was re- 
inserted using standard mutagenesis methods. The relationship between, pSVFS-500B. 
pSVFSoOOB. is further illustrated in the table below. Amino acid sequence numbers in 
IS the table were determined by reference to full-length factor VHI sequence. 



Name 


Ammo Acids Deleted 


Thr at 1672 Deletion ; 


pSVF8-50a 


770 to 1656 


Yes 


pSVF8-500BAThr 


779 to 1658 


Yes 


pSVFSO-500B 


779 to 1658 


No 



In all cases, the Bglll-Pfll 1.35 kb fragments of each modified cDN.A 
listed above can be inserted into the lentiviral vector particles descnbed herein using 
20 standard molecular biology procedures known to those of skill m the art and described 
herein. 

The full-len<4th factor VHi cDN.A can also be inserted into tiie Icnii viral 
vector particles of the invention (see, e.g.. WO 96,21035). A variety of Factor \'IIJ 
deletions, mutations, and polvpcptide analogs of Factor VUl can also be introduced into 

25 the lentiviral vector particles of the invention including lentiviral vector particles by 
modifications of the procedures descnbed herein. These analogs include, for instance, 
those descnbed in PCT Patent Publication Nos. WO 97 03193, WO 97/03194, WO 
97/03195, and WO 97/03191, all of which are hereby incorporated by reference. 

Hemophilia B can also be treated with sysicmically administered factor 

30 IX-expressing lentiviral vector particles including lentiviral vector particles. Human 
factor IX deficiency (Christmas disease or Hemophilia B) affects pnmarily males 
because it is transmitted as sex-linked recessive trait. It affects about 2000 people in the 
US. The human factor gene codes a 416 amino acids of mature protein. 



BNSDOCID .WO 



wo 99/04026 




PCT/US98/ 14996 



The luinmn factor IX cDNA can bo obiaiiicd for instance by constructing 
plasmid pFinXI, as described by Kurachi and Davie, i^;82, rXAS 79(2 1 ):646 ] -0464. 
The cDNA sequence can be excised as a PstI fragment of about 1.5 kb, blunt ended 
using T4 DNA polymerase. The factor cDNA fragment can be readily inserted, for 
5 example into a Srfl site introduced into a lentiviral vector particle. 

c. L.entiviral vector particles expressing other clotting factors 

i. Factor V. 

Lentiviral vector particles can he conslnictctl using molecular biology 
techniques known to those of skill in the art. I-or uistance. Factor V cDNA is obtained 
10 from pMT2-V (Jenny, P^87, Froc. Nail. Acad. Sn. I SA .V-;;4846; ATCX" deposit 
'/40515) by digestion with Sail. Tlie 7 kb cDNA hand is excised troin agarose gels and 
cloned into lentiviral vector particles, using standartl molecular biology tecliniques. 

Eillier a full-length or a B-domain deletion ot substitution of the factor 
V cDNA can be expressed by the gene therapy \ectors of the invention. Factor V B- 
15 domain deletions such as those reported by Marquette, 19*)5. lilood rV6:3026, and Kane, 
1990, Binchvnustfy 29:6762, can be made as described by these authors. 

ii. .Antithrombin HI 

Lentiviral vector particles capable ol' expressing A TIII cONA can be 
20 readily constnicted using standard molecular biology techniques know n to those of skill 
in the art. For instance a lentiviral vector particle expressing \T III can be constnicted 
from the vector pKT2l8 (Prochownik, 1983, ./ Hioi C'hcni. 2^.S:S389; A'FCC number 
57224/57225) by excision with Pstl. The \.(^ kb cDNA insert can be reco\ered from 
agarose gels and cloned into the I^stl site ofNCCtor SK-, The insert can be recovered by 

2. "^ restriction en/yme digestion and cloned into lentiviral \ector particles described herein 

by the restriction enzymes. 

iii. Protein C 

The lentiviral vector particles of the i mention capable of expressing 
?() Protein C can be made using a wide variety of techniques given the present disclosure. 
For instance, protein C cDNA will be obtained by restriction cn/.yme digestion of 
published vector (Foster, 1984, Proc. NatL Acml. Sci. I'SA SIAl(^(y, Beckmann. 1985, 
Nucleic Aculs Res /J:5233). The 1.6 kb cDNA insert can be recovered from agarose 
gels and cloned into the multiple cloning site of \ ector SK- under standard conditions. 

3. ^ The insert can be recovered by restriction enzyme digestion and cloned into a lentiviral 
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\cctor particle; for example, excision by Xhol Not! digestion followed by cloning into 
Xhol NotI digested lentiviral vector particle. 

iv. Prothrombin 

5 Lenti\ iral vector particles expressing protlirombin and its variants can be 

constructed by methods known to those of skill in the an, b\ using variations on the 
methods described hercm. For instance, protlirombin cDNA can be obtained by 
rcslriction enzyme digestion of a pubiishcd \ ector { Degcn ) Biochcmistr> 

22:2087). The 1.9 kb cDNA insert can be reco\ercd from agarose gels and cloned into 
10 the multiple cloning site of x'cctor SK-, 'I he itisen can he recov ered by restriction 
enz\me digestion and cloned mlo a lenii\iral \ector particle iismg restriction en/yme 
digestion 

V. Thrombomodulin 
15 Lentiviral vector particles expressing tlirombomodulin and its \ariants 

can be constructed using techniques known to those ot" skill in the art. I- or instance, 

thrombomodulin cDNA can be obtained from the \ ectv)r pucl9'rM15 iJackman, 198^. 

/'roc \ur/. AcaJ. Sri. USA ..SV:6425: Shirai. 19SN, ./. Hi<n}icm. I0Ji:2H\; Wen . 198". 

Biochcmisny 26:4350: Suzuki, 1987, EMBO J 6AH')\ \ WVC number (> 1348,01349) by 
20 excision with Sail. The 3.7 kb cDNA insert can be reci>vered from agarose gels and 

cloned into the Sail site of lentiviral \ ector particle. 

d . l.enti\iral \ector particles tre at n i e iiL of herci i itary disorders and other 
conditions 

There are a number of proteins Liseful tor ireatmeiu of" hereditary 
25 disorders that can be expressed /// vivo by the methods of iinention. Many genetic 
diseases caused by inheritance of defective genes result in the failure to produce nomial 
gene products, for example, thalassemia, phenvlketonuria. Lesch-Nyhan syndrome, 
severe combined immunodeficiency (SCID). hemophilia, .\ and B, c>stic fibrosis. 
Duchcnne's Muscular E^ystiophy, inherited emphysema and familial 
30 hypercholesterolemia {Mulligan ct uL, 1993, Science J60:92(y^ Anderson cral., 1992, 
Science 256:808; Friedman ei ul.. 1989, Science 2-/-/: 1275). Although genetic diseases 
may result in the absence of a gene product, endocrine disorders, such as diabetes and 
hypopituitarism, are caused by the inability of the gene to produce adequate lev els of 
the appropriate homionc insulin and human growth homionc respectively. 
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Gone therapy by the methods oCthc invention is a powerful approach for 
treating these types of disorders. This therapy involves llie introduction of normal 
recombinant genes into somatic cells so that new or missing proteins arc produced 
inside the cells of a patient. A number of genetic diseases can be treated by gene 
5 therapy, including adenine deaminase deficiency, cystic fibrosis, a,-antitr\'psin 
deficiency, Gaucher's syndrome, as well as non-genet ic diseases. Other representative 
diseases include lactase for treatmciil of hereditary lactose intolerance, AD for treatment 
of ADA deficiency, and alpha-! antitypsin for treatment of alpfui-1 afniir\'psin 
deficiency. See F.D. Ledlcy, 1987../ Pcduuncs 110:157-174; I. Verma, Scientific 

H) American (Nov., 1987) pp. 68-84; and PCT Patent Publication WO 9S/27512 entitled 
"Gene Therapy Treatment lor a Variety of Diseases and Disorders" for a description of 
gene therapy treatment of genetic diseases. 

One such disorder is familial hypercholesterolemia is a disease 
characterized clinically by a lifelong elevation of low density lipoprotein (LDL). the 

15 major cholesterol-transport lipoprotein in human plasma; Pathologically by the 
deposition of LDL-derived cholesterol in tendons, skin antl arteries leading to premature 
coronary heart disease; and genetically by autt>somal dominant inherited trait. 
Hetrozygoles number about I in SOO persons worldwide. Their cells are able {o bind 
cholesterol at about half the rate of normal cells, riieir plasma cholesterol levels show 

20 two fold elevation starting at birth. Homozygotes number 1 in 1 million persons. They 
have severe cholestcrolcmia with death occurring usual t> before age 20. The tlisease 
(Arteriosclerosis) depends on geography. It affects 15.5 per iOO.OOf) individuals in the 
U.S. (20,()()() total) and 3.3 per 100.000 intlis iduals in .lapan. l^eiuiviral vector particles 
expressing tiic LDP receptor for treatment oftiisorders mam fe.sting witfi elevated serum 

25 PDL can be constructed by techniques known to those of skill m the art. An example of 
a lenliviral vector particle expressing LDS receptor is shown in example 32 herein. 

There arc a variety of other proteins of therapeutic interest that can be 
expressed /// vivo by Icntiviral vector particles using the methotis of the invention. For 
instance sustained in vivo expression of tissue factor inhibitory protein (TFPI) is useful 

30 for treatment of conditions including sepsis and DIC^ and in preventing rcperfusion 
injur\'. (See PCT Patent Publications Nos. WO 93/24143 ,V\'0 93/25230 and WO 
96/06637. Nucleic acid sequences encoding \ arious forms of TFPI can be obtained, for 
example, as described in US Patent Nos. 4,960,852; 5,106,833; and 5,466,783, and can 
be incorporated in Icntiviral vector particles as is described herein. 

35 Other proteins of therapcuiiL- unci est such as er> thropoictin (EPO) and 

leptin can also be expressed in vivo b\ lcmi\nal xecior particles according to the 
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methods of ilic nncniioii. I'ov instance f-PC) is useful in izenc therapy treatment of a 
variety of disorders including anemia (see PCT pubhcation number WO *>5 133T'(> 
entitled "Gene Tlicrapy for Treatment of Anemia" ) Sustained gene therapy delivcr>' of 
leptin by the methods of the invention is useful in treatment of obesity. (See WO 
5 96 05309 entitled "Obesity Polypeptides able to modulate body weight" for a 
description of the leptin gene and its use in the treatment of obesitN . Lcnti\ iral \ cctor 
particle expressmg EPO or leptin can readily be produced using the methods descnbed 
herem and the constructs descnbed m these two patent publications. 

A \ ariet\' of other disorders can also be irealcd b\- the methods ol the 

10 iiu'cntion. f-or example, sustained in vi\ o s\stcn"iic production of apoiipoprotcin {: or 
apolipoprotein A by the leniniral vector particles ot' tiie uneiuion can be used tor 
treatment of hyperhpidemia. (See Breslow. j. et al. Bioiechnolog\ 12, 365 (1994).) In 
addition, sustained production of angiotensin receptor inhibitor (T.L Goodfriend, c: al., 
1996. ,V. Euiil. J. Med. 334:\Ab^}) can elTecteJ by tlie gene therap\ mctliods descnbed 

15 herein. As yet an additional example, the long temi //; vivo systemic production of 
angiostatin by tiie lenti viral vector particles of the i m ention is useful in the treatment uf 
a variety of tumors. (See O'Reilly ct al., 1 99(>, Xaiurc Med. -:;689. 

7. Lymphokines and l.vmphokine Receptors 

.•\s noted above, the present invention also provides leniiviral vector 

20 particles which can, among other functions, direct the expression of one or more 
cytokines or cytokine receptors. Briell\', in addition to their role as cancer therapeutics, 
cytokines can have negative effects resulting in cciiam pathological coiulitions. Yov 
example, most resting T-cclIs, cells, large granular Kniphocytcs and monoc>ics do 
not express 1L-2R (receptor). \\\ contrast to the lack of IL 2R expression on nonnal 

25 resting cells. 1L-2R is expressed by abnonnal cells in patients with certain leukemias 
(ATL- [ lair\'-ccll, Hodgkins, acute and chronic granulocytic), autoimniune diseases, and 
is associated w ith allograft rejection. liuerestingl> . in most of these paiieiUs the serum 
concentration of a soluble Ibnn of 1L-2R is elevated. 1 herefore, \\\\\\ certain 
embodiments of the invention therap\ may be etTected by increasing the serum 

?o concentration of the soluble form of the cytokine receptor. F'or example, in the case of 
IL-2R, a lenti viral vector can be engineered to produce both soluble IL-2R and IL-2R- 
creating a high affmity soluble receptor. In this configuration, scrum IL-2 levels uould 
decrease, inhibiting the paracrine loop. This same strategy also may be effective against 
autoimniune diseases. In particular, because some autoimmune diseases ici^., 

35 Rheumatoid arthritis, SLH) also are associated with abnormal expression of iL-2, 
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blocking ihe action of IL-2 by increasing the serinn level of receptor may also be 
Lililized in order to treat such autoimmune diseases. 

In other cases inhibiting the levels of II.- 1 may be beneficial. Briefly, 
IL-1 consists of two polypeptides, IL-1 and IL-1, each of which has plieolropic effects. 
5 IL-I is primarily synthesized by mononuclear phagocytes, in response to stimulation by 
microbial products or innammation. There is a naturally occurring antagonist of the 
IL-IR, referred to as the IL-1 Receptor antagonist ("IL-lRa"), This IL-IR antagonist 
has the same molecular size as mature IL-1 and is structurally related to it. However, 
binding of IL-lRa to the IL-IR docs not inituite any receptor signaling. Thus, this 
10 molecule has a different mechanism of action than a soluble receptor, which complexes 
with the cytokine and thus prevents interaction with liie receptor. lL-1 does not seem to 
play an important role in normal homeostasis. In animals, antibodies to IL-1 receptors 
reduce inHammation and anorexia due to endotoxins and otiier intlammation inducing 
agents. 

15 In the case of septic shock, lL-1 induces secondar\' compounds which 

are potent vasodilators. In animals, exogcnously supplied IL-1 decreases mean arterial 
pressure and induces leukopenia. Neutralizing antibody to IL-1 reduced endotoxin- 
induced fe\ er in animals. In a study of patients with septic sliock who w ere treated with 
a constant infusion of IL-IR for three days, the 2<S day mortality was lO'Jo compared to 

20 44% in patients who received placebo infusions. In the case of autoimmune disease, 
reducing tlie activity of IL-1 reduces innanunaium Sinnhu ly, blocking the activity of 
lL-1 with recombinant receptors can result in mcreased allograft survival in animals, 
again presumably by decreasmg inHammation. 

1 hese diseases provide further examples w here lenli\ iral vector particles 

2> may be engineered to produce a soluble receptor or more specifically the IL-IRa 
molecule. For example, in patients undergoing septic shock, a single injection of IL- 
IRa producing vector particles could replace the current approach requiring a constant 
infusion of recombinant IL-IR. 

Cytokine responses, or more specifically, incorrect cytokine responses 

30 may also be involved in the failure to control or resolve infectious diseases. Perhaps the 
best studied example is non-healing fomis of leishmaniasis in mice and humans which 
have strong, but counterproductive T, 2-tlominaled responses. Similarly, 
lepromotomatous leprosy is associated with a dominant, but inappropriate T{,2 response. 
In these conditions, lentiviral vector particles may be useful for increasing circulating 

3> levels of I FN gamma, as opposed to the si te-di reeled approach proposed for solid tumor 
therapy. IFN gamma is produced by I ,,-! r-cells. aiul functions as a negative regulator 
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of T|, -2 subtype prolifcraiion. II"N gamma also aniagoni/es many of the II. -4 mediated 
effects on B-cells, including isoiype switching to IgE. 

IgE, mast cells and eosinophils are involved in mediating allergic 
reaction. IL-4 acts on differentiating T-cells to stimulate T,;-2 development, while 
5 inhibiting T,,-l responses. Thus, lenti\'irus-bascd gene therapy ma\' also be 
accomplished in conjunction with traditional allcrg\ therapeutics. One possibility is to 
deliver lentiviral \ector particles which produces II. 4R with small amounts of the 
offending allergen {i.e.. tratlitional allergy shots}. Soluble I1--4R would prevent the 
activity of lL-4. and thus prevent the induction ofa strong T ,-2 response. 

10 a. l entn ira! \ cctor particles for treatmcni or\ iral hepatitis 

The lentu'iral vector particles including lenti\ iral x'cctor particles and the 
methods of administration described are useful for trealinent of v iral iiepatitis, including 
hepatitis B and liepatitis C. For instance, the iciUiviral \ ector particles of the invention 
can be used to express interfcron-alpha for treatment of viral hepatitis. While not 

15 wishing to be bound by theory, lentiviral \ector particles injected intravenous!} 
preferentially transduce liver cells. Thus, the methods c>f mtravenous delivery described 
herein tor lentiviral vector particles can be used for treatment of li\er diseases such as 
hepatitis and in particular viral hepatitis, in which therapeutic proteins expressed by the 
lentiviral vector particles such as lentiviral \ector particles can be delivered 

20 preferentially to the liver. 

C'urrently, the only approved treatment for chronic hepatitis E3, C and I) 
infections is the use of alpha interferon 2a and 2h. Alpha-interteron is a secreted protem 
induced in B lymphocytes, macrophages and mil! 1> inphoc\'tes by foreign cells, virus- 
infected cells, tumor cells, bactenal cells aiki products and viral envelopes The 

25 nicchamsm of anli\-iral action of interferon is b\ inducing the synthesis of effector 
proteins: two of the most important are 2*. 5'-oligo-adenylate synthetase (OAS) and 
dsRNA-dependent protein kinase iRDPK). OAS s\nthesi/cs aden>'late oligomers that 
activate RNAaseL, wliich degrades viral single stranded RNA. RDPK phosphor\'lates 
initiation factor eIF-2a which results in the inhibition of \ iral protein translation. In 

30 addition to the direct antiviral effect, alpha interfen)n has immunomodulatory' effects 
that arc irnportant against viral infections. These immunomodulator>' effects are: 
enhancement of the expression of both CMass I and class 11 major histocompatibility 
complex (MH(^) molecules, modulation of the expression of the interleukin-2 receptor, 
TNF-a receptor, transferrin receptor, enhancement of spontaneous natural killer (N'K) 

35 cell CN-toloxicity and modulation of antibody production by H cells. In chronic hepatitis 
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B infcciion. the beneficial effeci of interferon alplia appears to be from the 
immunomodulatory effects, while in chronic hepatitis C infection, the benctlcial effect 
is dependent on its antiviral activity. (Bresters, D., in Hepatitis C I'iru.s, ppI21-136, 
Recsink HW (ed), 1994). The mechanism of action in interferon alpha for treatment of 
."^ chronic hepatitis D is poorly understood (Riz/cito, M. and Rosina, F. in yiral 
Hepatitis, pp. 363-369, Zuckcmian, A. J. and Thomas M. C. (ed), 1993). 

Localized expression of interferon alpha iii the ii vcr frotn a Icnlivnal 
vector particle such as a Icntiviral vector particle can he an effective treatment for 
hepatitis. While not \Mshing to bound by theoiy. deln eiy ot alpha mtcrtcron at the site 

10 of infection by the gene therapy vectors ot" the invention, mciuding Icntivirai vector 
particles, results m iugh local concentration of the cytokine thereby focusing the 
antiviral and immunological effects to the. adjacent intected iiepatocytes. A further 
advantage of this treatment is that the current systemic mode of systemic alpha 
interferon therapy may either be unnecessary or be reduced in dose and frequency of 

15 treatment. This reduction can reduce the adverse side effects associated with the 
systemic deliver>^ of alpha mterferon. fhus, the gene therapy approaches described 
herein may be used in combination with administration of alpha-interferon protein 
fonnulations. 

The construction of a number of tiifferent lentiviral vector particles 
20 expressing interferon-alpha can be readily acconiplislied given the (.li.sclosure provided 
herein. There are at least 24 different human alpha interteron genes or pseudogenes. 
There are two distinct families (I and 11): mature human alpha interferon (I) are 166 
amino acids long (one is 1()5 amino acids) whereas alplui interferon (II) have 172 ammo 
acids. Eighteen genes are m the alpha interieion I fannly, including at least four 
25 pseudogenes. Six genes are in the alpha interferon 11 family, including five 
pseudogenes (Callard, R., and Gearing, A., i 'viokinc Fucis Hook, .Aca(.icmic Press, 1994 
pp. 14S-154). In Example 33 herein, we use alpha interferon 2a, 2b, 2c, 54 and 76, all 
members of the alpha interferon (I) family. Similar techniques can be used for inserting 
other members of the alpha interferon I family (such as alpha interferon F and N) into 
lentiviral vector particles. Thus other biologically acti\ e forms of alpha-intcrferon in 
addition to 2a, 2b, 2c, 54 and 76 as described herein can also be expressed by the 
lentiviral vector particles of the invention and used for treatment of viral hepatitis. 

Patients with viral hepatitis can be treated a combination gene therapy 
approach. A Icntiviral vector particle expressing a protein drug such as alpha-interferon 
.^5 can be administered intravenously or directly to the li\ er by methods described lierein. 
This therapeutic approach can be combined with intramuscular delivery of a lentiviral 
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vector particle expressing a hepatitis B or hepatitis C antigen tor inducing a immune 
response against the liepatitis virus. Specific hepatitis B and C antigens useful in this 
t\pe of therapy and the construction of icntiviral vector particles expressing such 
antigens are described herein and in PCT Patent PubHcation No WO 93 15207. In 
5 addition, molecularly cloned genomes which encode the hepatitis B virus may be 
obtained from a \'aricty of sources including, tor example, the American r> pe Culture 
Colleclion { ATCC, Rockville. Maryland), l^or example, AJCC No. 45020 contains the 
total genomic DNA of hepatitis B (extracted Ironi purified l^ane particles) (sec Figure 3 
of Blum CI uL. 1989, T/G .M 5 ): 1 54- 1 5S) in the Bam 111 site ofpBR322 (Monarty .//., 
10 1981. Proc \aii. Acad. Sci. USA ".S:2606-26 HO. (Note that correctable errors occur in 
the sequence of ATCC No. 45020.) 

8. Suicide X'ectors 

One further aspect of the present invention relates to the use of lenli\ iral 
vector suicide vectors to limit the spread of wild-type lent i virus in the 
15 packaging-producer cell lines. For example, within one embodiment the lentivira! 
vector particles contains a prodrug activating en/yme as discussed abo\e which, upon 
administration of the prodrug (c.i^., gancyclovir) results in the death of cells containing 
the vector particles. 

9. l.entiviral \ ectors to Prev ent the Spread of Metastatic Tumors 

20 One further aspect of the present iin ention relates to the use of lenti\ iral 

vector particles tor inhibiting or reducing the invasiveness of malignant neoplasms. 
Briefly, the extent of malignancy typically relates to \ asciilari/ation of the tumor. One 
cause for tumor vascularization is the production of sohible tumor angiogenesis tactors 
(TAF) (Pawelet/ et al., d ir. Rev. Oncol. Hemaiol. 9:197, 1989) expressed by some 

25 tumors. Within one aspect of the present invention, tumor vascularization may be 
slowed utilizing lentivira! vectors to express antiscnse or ribozyme RN.\ molecules 
specific for TAF. .-Micmativcly, anti-angiogenesis factors (Moses el al.. Science 
2^.V:140S, 1990; Shapiro et al., fWAS ,SV:2238. 1^)87) may be expressed either alone or 
in combination with the above-described nbo/yrnes or antiscnse sequences in order to 

30 slow or inhibit tumor vascularization. .Alternatively, Icntiviral vector particles can also 
be used lo express an antibody specific for the T.\F" receptors on surrounding tissues. 
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10. Modulation ofl ranscription Factor Activity 

In yet another embodiment, lentiviral vector particles may be utili/cd in 
order to regulate the growth control activity of transcription factors in the infected cell. 
Briefly, transcription factors directly influence the pattern of gene expression through 
5 sequence-specific //y/z/.s -activation or repression (Karm, IVcw Hiologist 27:126-131, 
1990). Thus, it is not surprising that mutated transcription (actors represent a family of 
oncogenes. Lentiviral vector particles can be used, for example, to return control to 
tumor ceils whose unregulated growth is activated by oncogenic transcription factors, 
and proteins which promote or inhibit the binding cooperainely in the fonnation of 

10 homo- and heterodimer //Y;//.v-activating or repressing transcription factor complexes. 

One method for re\'ersing cell prtiliferatton would be to inhibit the 
/r^; //A- activating potential of the c-niyc/M.x\ heterodimer transcription factor complex. 
Brielly, the nuclear oncogene c-niyc is expressed by proliferating cells and can be 
activated by several distinct mechanisms, including retroviral insertion, amplification, 

15 and chromosomal translocation. The Max protein is expressed in quiescent cells and, 
independently of c~myc\ either alone or in conjunction with an unidentified factor, 
functions to repress expression of the same genes activated by the myc'Max 
heterodimer (Cole, CW/ 65:7 1 5-71 6, 1991). 

Inhibition o^l c~niyc or r-//nr Max proliferation of tumor cells may be 

20 accomplished by tlie overexpression of Max in target cells controlled by lentiviral 
vectors. The Max pro tern is only 160 annuo acids ( conesponding to 480 nucleotide 
RNA length) antl is easily incorjiorated into a lentiviral vector either independently, or 
in combination with other genes and/or antisensc- ribo/yme moieties targeted to tactors 
which release growth control of the cell. 

25 Modulation of homo/hetcro-complex association is another approach to 

control transcription factor activated gene expression. F or example, transport from the 
cytoplasm to the nucleus of the //-£///.y-actival!ng Iranscriplion factor NF-'-B is preventetl 
while in a heterodimer complex with the inhibitor protein IB. Upon induction by a 
variety of agents, including certain cytokines, IB becomes phosphorx'lated and NF-B is 

3f) released and transported to the nucleus, where it can exert its sequence-specitlc 
m///.v-activating function (Baeuerle and Baltimore, Science 272:540-546, 1988). The 
dissociation of the NF-B/IB complex can be prevented by masking with an antibody the 
phosphorylation site of IB. This approach would elfecti\ ely inhibit the /n7//.v-activation 
activity of the NF-IB transcription factor h\ preventing its transport to the nucleus. 

35 Expression of the IB phosphorylation site specific antibody or protein in target cells 
may be accomplisbeil with an lenti virus gene transfer \ ector. An approach sinnlar to 
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the one described here could be used to prevent the fomuition of the //•t//rv-acii\ aling 
transcription helcrodimer factor AP-1 (Tiimer and Tijan, Sacmc J-/.?: 1689- 1 694. 
1989), by inhibiting the association between the iun and /m- proteins. 

FORNU l ATION 

5 Within other aspects of the present invention, methods are pro\ ided for 

prcscr\ ing an infectious lenti\ iral vector particle, such tfiat the lentiv iral vector particle 
is capable of infecting mammalian cells upon reconstitution (see U.S. Serial 
No. OS 1 53.342). BneHy, lenli\'iral \ecuir particle which has been purified or 
concentrated may be preser\'ed or fonnulaled into a piiarnuiceLiiical compound or 

10 medicament by first adding a sufficient amount of a fc^muilauon butTer to the media 
containing the lentiviral vector panicle, ni order u> form an aqueous suspension. The 
tbnnulation buffer is an aqueous solution that contains a saccliaride. a high molecular 
weight structural additive, and a buffering component in water. As utilized within the 
context of the present invention, a "buffering compound" or "buffering component" 

15 should be understood to refer to a substance that functions to mamtain the aqueous 
suspension at a desired pH. The aqueous solution ma> also contain one or more annuo 
acids. 

The lentiviral vector particle can also be preserved in a purified form. 
More specifically, prior to the addition of the fomuilation buffer, the crude lentiviral 

20 vector particle described above may be clarified by passing it through a filter, and then 
concentrated, such as by a cross How concentrating system (Fihron Technology Corp., 
Nortborough. MA). Within one embodiment, DNase is added to the concentrate to 
digest exogenous DNA. The digest is then diahltraicd to remove excess media 
components and establish the lentiviral \ector particle in a more desirable buffered 

25 solution. The diafi Urate is then passed o\er a Sephadex S-5U() gel column and a 
purified lentiviral vector particle is eluted. .A sutncieiU amount of tormulation buffer is 
added to this eluate to reach a desired final concentration of the constituents and to 
minimally dilute the lentiviral vector particle, and the aqueous suspension is then 
stored, preferably at -TOT or immediately dried. As noted abo\e, the fonnulation 

30 buffer is an aqueous solution that contains a saccharide, a liigh molecular weight 
structural additive, and a buffering component in water. I he aqueous solution may also 
contain one or more ammo acids. 

The crude lentiviral vector particle can also be purified by ion exchange 
column chromatography (see U.S. Patent Application Serial No. 08/093,436). In 

35 general, the crude lentiviral vector particle is claritled by passing it through a filter, and 
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ihc filtrate loaded onto a column containinij; a highly sulfonated cellulose matrix. The 
lentiviral vector particle is elutcd from the column in purified form by using a high salt 
bufTer. The high salt buffer is then exchanged for a more desirable buffer by passing 
the eluate over a molecular exclusion column. A sufficient amount of formulation 
5 buffer is then added, as discussed above, to the purified lentiviral vector particle and the 
aqueous suspension is either dried immediately or stored, prelerably at -TCC. 

Ihc aqueous suspension in crude or purified fonn can be dried by 
lyophilization or evaporation at ambient temperature. Specifically, lyophilization 
involves the steps of cooling the aqueous suspension below the glass transition 

10 temperature or below the eulectic pomt temperature of the aquet)us suspension, and 
removing water from the cooled suspension by sublimation to fomi a Ivophili/eti 
lentivirus. l^riefiy, aliquots of the fomiulated lentiviral vector particle are placed into 
an Hdwards Refrigerated Chamber (3 shelf R('3S unit) attached to a freeze dryer 
(Supermodulyo 12K). A multistcp freeze drying procedure as described by Phillips 

15 ct al. (Cryobiology 18:414, 1981) is used to lyophilize the formulated lentiviral vector 
particle, preferably trom a temperature of -40^C" to -45°(". The resulting composition 
contains less than 10% water by weight of the lyophilized lentivirus. Once lyopliilized, 
the lentiviral vector particle is stable and may be stored at -2(Y'C to 25"r. 

Within the evaporative methoti, water is removed from the aqueous 

20 suspension at ambient temperature by evaporation. Within one embodiment, water is 
removed through spray di-ying (HP 520, 74^!) Within the spray drving process, the 
aqueous suspension is delivered into a How of preheated gas, usually air, whereupon 
water rapidly evaporates from droplets of the suspension. Spray drymg apparatus are 
available from a number of manufacturers {t^^,^. Dtytec, i Jd., l onbridgc, England; Lab- 

2> Plant, Ltd., Huddersfield, England), Once deliydratetl, the lentiviral vector particle is 
stable and may be stored at -20"C to 25"C. Within the methods described herein, the 
resulting moisture content of the dried or lyophilized lentivirus may be determined 
through use of a ICarl-Eischcr apparatus (EM Science Aquastar''"'^* VI B volumetric 
titrator. Cherry Hill, NJ), or through a gravimetric method. 

30 The aqueous solutions used for fomiulation, as previously described, are 

composed of a saccharide, high molecular weight structural additive, a buffering 
component, and water. The solution may also include one or more amino acids. The 
cornbination of these components act to preserve the activity of the lentiviral \ cctor 
particle upon freezing and lyophilization, or dr>'ing through evaporation. Although a 

35 preferred saccharide is lactose, other saccharides may be used, such as sucrose, 
mannitol, glucose, trehalose, inositol, fructose, maltose or galactose. In addition. 
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combinations of saccharides can be used, for example, lactose and mannitol. or sucrose 
and mannitol {e.g.. a concentration of lactose is 3*^;.-4'!<i by weight. Preferably, the 
concentration of the saccharide ranges from T'o to 12"<) by weight. 

The high molecular weight structural additive aids in preventing viral 
5 aggregation during freezing and provides structural support in the lyophilized or dned 
state. Withm the context of the present invention, structural addiii\ es are considered to 
be of "high molecular weight" if they are greater than 5(KH) m.w . A preferred high 
molecular weight structural additive is human serum albumin. However, other 
substances may also be used, such as hydroxyeihyl-eellulosc, Indroxymelln 1-cellulose. 

U) dextraji, cellulose, gelatin, or povidone. .-\ particularU' prefened concentration of 
human serum albumin is 0.1% by weight. Preferably, the concentration of the high 
molecular weight structural additive ranges from 0. r*u to I0"o b\ weight. 

The amino acids, if present, function to funher preserve viral infeciivity 
upon cooling and thawing of the aqueous suspension. In addition, amino acids function 

15 to further preserve viral infectiviiy during sublimation of the cooled aqueous suspension 
and while in the lyophilized state. A preferred amino acid is arginine, but other annno 
acids such as lysine, ornithine, serine, glycine, glutanune, asparagine. glutamic acid or 
aspartic acid can also be used. A particularly prefened arginine concentration is 0.1" r» 
by weight. Preferably, the amino acid concentration ranges from 0.1% to 10"o by 

20 weight. 

The buffering component acts to buffer the solution by maintaining a 
relatively constant pH. .'\ variety of buffers may be used, depending on the pll range 
desired, preferably between 7.0 and 7.8. Suitable butters include phcxsphate InitTer and 
citrate buffer. A particularly prefeiTcd pH of the lentiviral vector particle fornudation is 

25 7.4, and a preferred buffer is tromethamine. 

In addition, it is preferable that the aqueous solution contain a neutral 
salt which is used to adjust the final fomiulated lentiviral vector particle to an 
appropnate iso-osmolic salt concentration. Suitable neutral salts include sodium 
chloride, potassium chloride or magnesium chloride. A preferred salt is sodium 

30 chloride. 

Aqueous solutions containing the desired concentration of the 
components described above may be prepared as concentrated stock solutions. 

One method of preserv ing lentiviral vector particles in a lyophilized state 
for subsequent reconstitution comprises the steps of (a) combining an infectious 
.■^5 lentiviral vector particle with an aqueous solution to form an aqueous suspension, the 
aqueous suspension including 4% by weight of lactose, 0.1 by weight of human 
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scrum albumin, ().03",i or less by wcigbt of NaCl, 0. !"„ by weight t)rarginine. and ati 
amount of iromelhaminc buffer effective to provide a pH of the aqueous suspension of 
approximately 7.4, thereby stabilizing the infectious lentivira! vector particle; 
(b) cooling the suspension to a temperature of from ~4(fC to -45"C to form a frozen 
5 suspension; and (c) removing water from the frozen suspension by subhmation to fomi 
a lyophilized composition having less than 2**0 water by weight of the lyophilized 
composition, the composition being capable of infecting mammahan cells upon 
reconstitution. It is preferred that the Icntiviral vector particle be replication defective 
and suitable tor administration into humans upon rcconsiituiion. 

10 It w ill be evident to those skilled in the art gi\ en the liisclosure provided 

herein that it may be preferable to utilize certam saccharides within the aqueous 
solution when the lyophilized lenti virus is intended for storage at room temperature. 
More specifically, it is preferable to utilize disaccharitles, such as lactose or trehalose, 
particularly for storage at room temperature. 

15 The lyophilized or dehydrated l.entiviruses of the subject invention may 

be reconstituted using a variety of substances, but are preferably reconstituted using 
water. In certain instances, dilute salt solutions which brmg the tlnal fomiulation to 
isotonicity may also be used. In addition, il may be acKantageous to use aqueous 
solutions containing components known to enhance the activity of the reconstituted 

2u ientivinis. Such components include cytokmes. sucli as lL-2, pc^lycations, such as 
protamine sulfate, or other components whicli ctihancc ihc transduction efficiency of the 
reconstituted lenlivirus. Lyophili/etl or deh\ ciralcd lcnn\irai vector particle niay be 
reconstituted \v\ih any convenient volume of water ov the reconstituting agents noted 
above that allow substantial, and preferably total solubilization of the lyophilized or 

25 dehydrated sample. 



ADMINIS [ l<.\ [ ION 

As noted above, recombinant lentiviral particles of the present invention 
may be administered to a wide variety of locations including, for example, into sites 
such as the cerebral spinal fluid, bone marrow , joints, arterial endothelial cells, rectum, 

M) buccal/sublingual, vagina, the lymph system, to an organ selected from the group 
consisting of lung, liver, .spleen, skin, blood and brain, or to a site selected from the 
group consisting of tumors and interstitial spaces. Within other related embodiments, 
the lentiviral vector particle may be administered intrarticularly, inlraocularly, 
intranasally, sublinually, orally, topically, iniravesically, intrathecally. topically, 

.V"^ intravenously, inlrapcritoneally, intracranial ly, inlranniscularly. or subculaneously, 
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Other rcprcscniaii\ c routes of adminisiraiion include L[asiroscop> . HCRP and 
colonoscopy, which do not require full operating procedures and hospitalization, but 
may require the presence of medical personnel. 

Considerations for administering the compositions of the present 
5 invention include the following: 

Oral administration is cas\ and convenient, economical (no stenlit\ 
required), safe {over dosage can be treated m niost cases), and permits controlled release 
of the acii\'e ingredient of the coinposilion (the lennx iral \cctor j->arlicle). Coti\ crscl> . 
there ma\' be local irritation such as nausea. \ oniiiing or diarrhea, eiralic absorption tor 

!(» poorly soluble drugs, and the lenli\iral \ecu:)r particle will be subject to "first pass 
effect" by hepatic metabolism and gastric acid and en/vniaiic degradation. Further, 
there can be slow onset of action, efficient plasma levels ma\ not be reached, a patient's 
cooperatio!! is required, and food can affect absomtion. Preferred embodiments of the 
present invention include the oral administration of leniiviral \ector particles that 

\5 express genes encoding er\'ihropoietin, insulin, CiM-CSF cytokines, \arious 
polypeptides or peptide homiones. their agonists or antagonists, where these honnones 
can be derived from tissues such as the pituitars. hypothalamus, kidney, endothelial 
cells, liver, pancreas, bone, hemopoetic marrow, and adrenal. Sucli polypeptides can be 
used for induction of growth, regression of tissue, suppression of immune responses, 

20 apoptosis, gene expression, blocking recepttir-hijaiul nueraclion, inimiine responses and 
can be treatment tor cerlain anemias, diabetes. nifcction>. high blood fMessure, abnormal 
blood chemistry or chemistries (c\<;., ele\aled blood ciu>!cstcroI. dcllciency of bU^^d 
clotting factors, elevated LDL with loN\ercd IU)1 ), levels of Alzheimer associated 
amaloid protein, bone erosion, calcium deposition, and controlhng le\ els of \ arums 

25 metabolites such as steroid hormones, purines, and p\rimidines. Preterabtw the 
lentiviral \ector particles are first iyophilized, dien filled into capsules and 
administered. 

Buccal sublingual administration is a con\enient method of 
administration that provides rapid onset of action of the active componenlts) of the 

30 composition, and avoids first pass metabolism. Thus, there is no gastric acid or 
enzymatic degradation, and the absorjition of lentiviral vector particles is feasible. 
There is high bioavailability, and virtually immediate cessation of treatment is possible. 
Conversely, such administration is limited to reiati\el\ low dosages (typically about 10- 
15 mg). and there can be no simultaneous eating, drinking or swallowing. Preferred 

35 embodiments of the present invention include the buccal sublingual administration of 
lentiviral vector particles that contain genes enciiding self and or foreign MHC, or 
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immune modulators, for the ircaimcnl of oral cancer; the treatment of Sjogren's 
syndrome via the buccal/sublingual administration of sucli lentiviral vector particles 
that contain IgA or IgE antiscnse genes; and, the treatment of gingivitis and 
periodontitis via the buccal/sublingual administration of IgG or cytokine antiscnse 
> genes. 

Rectal administration provides a negligible Inst pass metabolism effecl 
(there is a good blood/lymph vessel supj^iy, and absorbed tiiaterials drain dnectly into 
the inferior vena cava), and the method is suitable of children, patients w ith emcsis, and 
the unconscious. The method avoids gastric acid and en/ymatie degradation, aiid the 
10 ionization of a composition will not change because the rectal tluid has no buffer 
capacity (pH 6.8; charged compositions absorb best). Conversely, there may be slow, 
poor or erratic absorption, irritation, degradation by bacterial llora, ami there is a small 
absorption surface (about ().05m-). luirther, lipidophilic anil water soluble compounds 
arc preferred for absorption by the rectal mucosa, and absorption enhancers (e.g., salts, 

15 EDTA, NSAID) may be nccessar\'. Prefened embodiments of the present invention 
include the rectal administration of lentiviral vccttir particles that contain genes 
encoding colon cancer antigens, self and/or foreign MHC\ or mimune modulators. 

Nasal administration avoids tirst pass metabolism, and gastric acid and 
enzymatic degradation, and is convenient. In a prefened embodiment, nasal 

20 administration is useful for lentiviral \ector particle atlministrati<Mi wherein the 
lentiviral vector particle is capable of expressing <i fiol vpeptide with properties as 
described herein. C^onversely, such administration ciin cause local irritation, and 
absorption can be dependent upon the state of the nasLil mucosa 

Pulmonary administration also a\oids first pass mclabolisni, and gastric 

25 acid and enzymatic degradation, and is ctMuemcnt, further, pulmonar> administration 
pennits localized actions that minimize systemic sitie effects and the dosage required 
for effectiveness, and there can be rapid onset ot' action ami self-medication. 
Conversely, at times only a small portion of ilie adminisiereti ci>mposition reaches the 
brochioli/alveoli, there can be local irritation, and overdosing is possible. Further, 

30 patient cooperation and understanding is preferred, and the propel lant for dosing may 
have to.Kic effects. Preferred cmbodimenis of the present invention include the 
pulmonary administration of lentiviral vector particles that express genes encoding IgA 
or IgK for the treatment of conditions such as asthma, hay fever, allergic alveolitis or 
fibrosing alveolitis, the CFTR gene for the treatment of cystic fibrosis, and protease and 

.^-^ collagenous inhibitors such as (x- 1 -antitrypsin for the treatment of emphysema. 
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Allcmativcly. many of the same types of pol\ peptides or peptides listed abo\ e for oral 
administration may be used.. 

Ophthalmic administralion provides local action, and permit prolonged 
action where the administration is via inserts. Further, avoids first pass metabolism, 
5 and gastric acid and enzymatic degradation, and pemiils self-adminislration \ ia the use 
of e\ e-drops or contact lens-like inserts. C'onverseK . the adininistralion is not always 
efficient, because the admmistration induces tearing. Preferred embodiments ot the 
present iiu eiUion include the ophthalmic administralion of !enti\ iral vector panicles 
that express genes encoding IgA or IgH for the treatment ot'ha> fe\er conjunciiviiis or 
10 venial and atomic conjuncti\ itis, and opluhalmic administration of icnliviral \'ector 
particles that contain genes encoding melanoma specific antigens (such as high 
molecular weight-melanoma associated antigen), self and or Ibreign .\1HC\ or iiTimune 
modulators. 

Transdennal administralion permits rapid cessation of treatment and 

15 prolonged action leading to good compliance Further, local treatment is possible, and 
avoids first pass metabolism, and gastric acid and en/\ nialic degradation. C'onverselw 
such administration may cause local imtaiion. is particularly su.sceptible to tolerance 
development, and is typically not preferred for highi> potent compositions. F^et erred 
embodiments of the present invention include the transdcmuil administration of 

30 lentiviral vector particles that e.Kpress genes encoding Ig.A or IgE for the treatment of 
conditions such as atopic deniiatitis and other skin allergies; and transdermal 
administration of lentu'iral \ector particles encoding yenes encoding melanoma specific 
antigens (such as high molecular weight-melanoma associated antigen), self andor 
foreign VIUC. or immune modulators. 

25 Vaginal administration provides local treatment and one pre (erred route 

for homional administration. Funher. such administration avoids first pass metabolism, 
and gastric acid and en/ymatic degradation, and is preferred for administration of 
compositions wherein the lentiviral vector particles e.\press peptides. Prel'erred 
embodiments of the present invention include the \ aginal administration of lenti\ iral 

30 vector particles that express genes encoding self and or foreign MUC, or immune 
modulators. Other preferred embodiments include the vaginal administration of genes 
encoding the components of spemi such as histone. llagellin, etc., to promote the 
production of spemi-specific antibodies and thereby prevent pregnancy. This cft'ccl 
may be re\'ersed. andor pregnancy in some women may be enhanced, by dcli\ering 

35 lentiviral vector particles vectors encoding inmiunoglobulin antisense genes, which 
genes interfere with the production of spemi-specific antibodies. 
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Intravesical administration permits local treatment for urogenital 
problems, avoiding systemic side effects and a\'oiding first pass metabolism, and gastric 
acid and enzymatic degradation. Conversely, the method requires urethral 
cathetenzation and requires a highly skilled staff Preferred embodiments of the present 
5 invention include intravesical administration of lentiviral vector particle encoding 
antitumor genes such as a prodrug activation gene such thymidine kinase or \ arious 
immunomodulalory molecules such as cytokines. 

Endoscopic retrograde cystopancreatography (liRCP) (goes through the 
mouth; does not require piercing of the skin) takes advantage of extended gastroscopy, 
10 and permits selective access to the biliary tract and the pancreatic duct. Conversely, the 
method requires a highly skilled staff, and is unpleasant for the patient. 

Many of the routes of administration described herein (e g., into the CSF, 
into bone marrow, into joints, intravenous, intra-arterial, intracranial intramuscular, 
subcutaneous, into various organs, intra-tumor, into the interstitial spaces, intra- 
l.s peritoneal, intralymphatic. or into a capillary bed) may be accomplished simply by 
direct administration using a needle, catheter or related device, hi particular, withhi 
certain embodiments of the invention, one or more dosages may be administered 
directly in the mdicated manner at dosages greater than or equal to U) , 10", 10 , 10\ 
10", 10"' or 10" cfu. 

20 Lentiviral \ector particle may be deli\'ercd to the target trom outside of 

the body (as an outpatient procedure) or as a surgical procedure, where the vector is 
administered as part of a procedure with other purposes, or as a procedure designed 
expressly to administer the vector. Other routes and methods for administration include 
the non-traumatic routes disclosed within F^CT, L'S05/Ui*)()7, as well as administration 

25 via multiple sites as disclosed within PCT/US95/ 1 647 1 . 

The following examples are offered by way of illustration, and not by 
way of limitation. 
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HXAMPLHS 

tXAMPLE 1 
CONSTRI C I ION OF AN HI\'-1 B.ASi I) \'HC TOR 

5 A. Construct ioti oCa \ cctor backbone 

Plasmid pSK-Ahi3 is firsi consirucicti by digestion, filhng and biiint end 
ligation oflhe unique IlindlW site of pBiucscript SK(-i ( Stratagene. La Jolla. CA}. 

Ibe HIV-1 I.TR trom the molecular clone p\ 1.4-3 (Adachi et al., ,/. 
rirol. 50. 284 i\IH AIDS Research and Reterence reagent program catalog -?1 14) 

H) is anipiified by Pol\merase Chain Reaction (FCR) using oligomers LTRB5 : 5' TAG 
GAT CCT GGA AGG GCT AAT TTG G.3' (Sequence ID No. ) and I,TRB3 : 5' 
TAG GAT CCT TTC GCT TTC AAG TCC C 3* (Sequence ID No. ), which both 
display a Iiani\\\ restriction site at their 5' end. The amplified tragnient or6Sl bp in 
length is cloned into the unique BaniVU site oi' pSK-.\H3. The resulting plasmid is 
15 named pHIV-ITR. 

The 1 181 bp I/indlU to /////dlll tragnient of pNT.4-3, comprising the 3' 
end of the 5' L TR and the 5' part of the gene is cloned mto tlie unique /////dlll site 
of pbluescript SK{-) to create pHIV-! i3F5' 

The 916 bp /////dlll to -S/'//l fragmeni from pf il\'-l[." I 5' is li gated witfi 
20 the 34S2 bp flmdUl to EcoRl fragment from pHl\ -1.1 R. using a Sphl-IicoRI adaptor to 
give pni\'-l.TR5'. 

In order to abolish the expressuMi the gene portion present in ihc 
pniV'-I/rR5' conslrncl, the initiation codon region in nuuiillcLi from (jACj A'f(j (iG'T" to 

GAG AACjCGG T (Sequence ID No. > b\- si(c directed mutagenesis (Mula-gcne kit, 

25 Biorad. Hercules, CA) using the mutated oligonucleotide 5' CiGA GGC TAC} AACi 

GAG AGA GAA CCG GTG CGA GAG CGI CC, 3' (Sequence ID No. ). This 

modification results in the destruction oflhe AT(j coilon. as uell as a -1 frameshift in 
the open reading frame of the WW .t^f/.i: gene. The mulalion also allow s the creation of a 
unique Ai^c I site ( ACCGGT). 
3(t In order to delete undesirable restriction sites, the region comprised 

between the FcoRl to Xho I sites of plasmid pHI\'-I-TR is destroyed by digestion with 
the corresponding en/ymes. tilling and subsequent religation to give pHI\'-I.TR- 
ARI/Xho. 
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The 719 bp Xho I to /////dlll fragment i\o\\\ pNL4-3 is ligatcd with the 
3067 bp Xha 1 to /////dlll fragment from pHIV-LTR-ARI/Xlio using a Xhu \-Xho I 
adaptor to give pLTR-HIV3'. 

To create the HIV-1 -based vector backbone, named vHIV-I, the 1510 bp 
5 Not I to Xho I fragment from pmV-LTR5' is inserted into the Not I and Xho i sites of 
pHlV -LTR3' (see Figure 1 ). 

B. Addition of nuclear transport elements 
hi order to allow the vector transcript lo he efficiently translocated from 

the cell nucleus to the cytoplasm, nuclear transport elements can be added to vHIV. 

The fllV-l F^ev-rcsponsivc element (RRIi) is amplified by PCR from 
pNL4-3 usmg the oligomers RRHl : 5" GC'A AdC IK TGC AGA GCA GT(} GCiA 
ATA GG y (Sequence ID No._ ) and RRF:2 : 5' CJC A A(iC TTA CCC GAA ATG 
CCC AGG AGC TG 3' (Sequence ID No. ). which harbor the Ilind III site at their 5' 
end. The resulting amplified fragment of 283 bp in length is inserted mto the Bam MI 
site of pSK(-) to create pRRE. 

riie RRE fragment is extracted from pRRF: using the enzymes Fco RI 
and Cla I and inserted into the Eco RI and Cla I sites of v[ 11 V to give vIIIVR. 

The Hepatitis B Virus (HBV) postlraiiscriptional regulatory element 
(PRE) {Liang and Huang, Mol. Cell. Biol. y.>':747(), 1^)^>3) or the Mason-Pfi/cr monkey 
Virus (MPMV) constitutive transport element iV'W.) (Bray el al., Proc Xutl. Aaul. Sci. 
USA 97:1256, 1994) are amplified by PCR using specific primers ulucli also disphi>- 
fluid in restriction sites at tlieir 5' extremities and inserted in place ot~ the HIV-1 RRh 
in the vHIVR into tiie Eco RI and Cla I sites to jjive \ HIVP and vHlVC respectively. 

C. Addition of the gene of interest sequeiKe to the v ector backbone 

25 A 2kb Xl)a\-Ss!\ fragment horn pSP()-(igal (Shapira et a!., iicnc 25. 1\- 

82, 19S3) is ligatcd together with a 1.1 kb Ss! I - Snni I fragment trom pS[^6-(igal and a 
2.6 kb Xha I - Sniu \ digested plJ(T9 DNA to form pl'C-(^gal. The beta-galactosidasc 
gene is then extracted from pi 'C-beta-Gal by cutting \Mih the restriction en/ymes .S"<// I 
and Sma I. A 750 bp fragment containing tlie human Cytoniegalovirus (hCMV) earl> 

30 genes promoter is also extracted from pC.MV-Ci (\'ee et a!., Proc. Natl. Accui Sci. USA. 
97:9564, 1994) by cutting with A7)^/ I and Sal 1. l iicse two fragments are ligated 
together and inserted into the Xha \ and Sma I site ot pF^luescripi (SK-) lo give pCMV - 
bela-Gal. 



15 
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A 3S()() bp Not I to Ilind III rragmcm is extracted froni pCM\'-bcla-Gal 
and inserted into the A//r; I site of \ lilVR, after the sites arc bkint-ended, to gi\e \ HR('- 
bcla-Gal. The ligation of the bkmt-ended sues Soi I and Xho I allow to recreate a A7;(; I 
site. The same cloning strategy is applied to vHIVC to create vHC(^-beta-GaI, and to 
5 vHIVP to create vHPC-beta-gal). 

D. rissue-spccific promoters 

To restrict expression of the gene oi' interest in certain cell-types, the 
beta-galactosidase gene is put under tlie control of two difterent tissue-speci lie 
promoters. 

io More speci tlcalfw in order to iruliice li\cr tissue specitlc expression o\ 

the transgene, the 88 bp Hnic 11 to Rsa [ fragment from the construct pACC\'\l'^. ( "i ce. 
Science, 1980, 24(>. 658). which contains the Hepatitis \'irus (HBV) li\er specific 
enhancer, is cloned upstream the Herpes simplex \ irus (HS\') thymidine kinase ( TK) 
gene promoter to drive the expression of the beta-galactosidase gene in place of the 

15 CM\' promoter. 

Similarly, the C02 gene enhancer ( Lake et al.. EMBOJ. y::^129, 190(J| is 
cloned upstream tlie HSV TK gene promoter to induce lymphoc> te-specitlc expression. 

E. F.xpression of a dicistronic cassette 

In order to achie\ e the expression o\ two or more iransgenes dri\ en h\ 
20 the same promoter from a single \ector. two i\'pes of dicistronic constructs are 
designed. 

In the first construct the 2.1 kb Hum III to Hind 111 fragment encod:ni: 
the firefly luciferase gene sequence due) and the Neonucin phosphotransferase gene 
sequence (neo) distant of 78 nucleotides from pLL7SNI (I.e\ ine et al., Ctcnc 
25 1991), is inserted in the Sal I to Sal I backbone of VHRC^-beia-gal to create 
vHRCX78K. The 78 nucleotide linker between the tuo genes allows reinitiation ot" 
translation of the second open readmg frame betore the large nbosome subunil detaches 
from the mRNA. 

In the second iNpe of construct, the polio\ irus mtemal ribosome entr\ 
30 site (PO-IRES) is inserted in between the two gene sequences (Adam. ./. I'irol. 6/. 
4985, 1991). The IRHS allows initiation of the second open reading frame 
independently of that of the first one. 
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HXAMPLF 2 
Packaging Ci:li. Linl Cif Ni-.RATioN 

A. Construction of a gag/pol e x pression cassette: pCMV-MiV-! 

To construct the packaging cassette pCMV-HIV-1, the ().7-kilobase pair 

5 (kb) Ikunfll-SpJiI fragment with a 19-basc pair (bp) deletion in the putative packaging 

signal of pCMVDPIDcnvpA ( Parolin et al., ./. Virol /5rS:3SS8-3895, 1994) was fused 

with the 8-kb Sphl-l limllll (from position 1447 to 9606) fragment of pNL4-3 

(containing a full-length infectious MIV-l genome, Adachi et a!.../ Virol. 59:284. 1986. 

obtained from NIH AIDS Reagent Program) and tlie 4-kb Sall-iUoRl fragment from 

10 pCMV-G {Ycc et al.. Fror. Natl. Acad. Sci. L 'S.A 9 / :95()4-9568, 1994). In addition, a 

deletion o(~ the 58()-hp /^<//// (al {losition 7(j3 1 m pM 4-})-Ili^'l// (at position 7()11 in 

pNL4-3) fragment was created in the IIlV-l i:in codmg region lo eliminate the 

expression of this protein and reduce the potential of generating helper virus during 

vector production. 

15 1 . Generation ofnef(-) mutants 

To generate pCMV-HiVnet"(-). the sequences between Ifpa/ (at position 

8650 in pNL4-3) and Ilindlll (at position 9606 in pNI.4-.>) of pCMV-HI\'-I was 

deleted. 



2. Generation of vif(-) niutants 
20 To generate pCM V-MIVvif( - ), p( "M V-HIN'- 1 was digested with Wlcl ( at 

position 5123 ni pNL4-3) and repaired u ilh the KkMK>\\ fragment lo create a 2-l-)p 

insertion in the coding region of the w/ gene. 



3. Generation of vpu(-) mutants 

To generate pCMV-HIVvpu(-). the initiation codon of Vpu was mutated 
25 by site directed mutagenesis (Mutagcne kit, Biorad, Hercules, CA) using the 
oligonucleotide 5' rGCTACTATTATAGGTT(iTA( ATCjTACTACTTACTG3'. 
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4. Generation of \ pr( - ) nuitatils 

To generate pCM\'-I Il\ \ pr(-), ihc pCM\'-ni\ -l w as digested with 
EcoRI (al position 574"^ in pNL4-3) and repaired with ilie KIcmiow fragment to generate 
a 4-bp insertion in the coding region of the v/v gene. 



5. Generation of vpr(-) double mutant 

The pCMV-H!V\pr(-)nef(-) double mutant was generated by digestmg 
the pCM\ -HI\'nef(-) with EcoRI and repaired with the Kieno\\ fragment as tieseribed 
above. 



4. Generation of pClI-CjP - 1 

10 To generate pCH~GP-L the U.06-kb framnent Ixnween position 7C)(> and 

the Sph! site at position 144"^ m pNL4-3 was aniplitletl hy poK'merase chain reaction 
(PGR) using the ohgonuclcotides Gag>' 5'C j AC jGAT CX^TAC jAAGGA- 
GAG AGATCiGGT3' and Gag3' 5"GAGG A ICX" A A lAGGC CGTCiCATC i( AG rG3'. 
The rcsuhnig fragment was hgaied witfi the .v^-kb Sphl-WU f fragment from pNL4-3 

15 and llie 4-kb Sall-EcoRI fragment from pC\M\ -G. 



B. Addition of nuclear transport signals 
1. Addition of RRi: 

To insert the RRO sequence into p( H-CiI*-l tor efficient iransportalion 
of thegag pol transcripts from nucleus to cytoplasm, the RRH (between positions """54 
20 and 8013 in HXB-2 (33)) was ampliHed b\ PC^R from pv()53RSN (31) using the 
oligonucleotides RRHS 5'GCAAGCTTGl (iGACiAGGA-(ir(iGGAATAG(i3' and 
RRE3 5' GC\AAGCT1 AC CCCAAA rCCG GACiGACX^TG 3' and cloned immediateK 
after the i^ui^pol gene in pGHGP-1. This construct was designated pCH-GP-2 
(Figure 3A). 



25 2. Addition of PRE 

To msert the HBV PRF* bCciuence for eftlcierit transportation of the 
gag.'pol transcripts, the 65()-bp Stul-Hindlll HB\' tragment spanning the PRI: region 

(Liang Si Huang, Moi Cell. Biol. 1<)93: Huang Yen, ./. Mrol. 6-^:3193, 

1994; Donello et a!., J. I'lroL -Q-A^-XS. 199(>) m pGGAi-1 (^'ee. Science 2^6:65S. 
30 1989) is inseiied into the HcoRV site of pBluescnpt SK(-) to fomi pSK-PRE. I he PRl: 
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fragment in pSK-PRE is isolated by ("lal and F.eoRi digestion and cloned into the ClaJ 
and ItcoRI-digested pCH-GP-I to tbrm pCH-GP-3 (Figure 3B). 

3. Addition of CTE 

To insert the CTE sequence from Mason-ITizer monkc> virus (MPMV) 
5 (Bray et al., Proc. Null. Acad. Sci. USA 9/:1256, 1994) into pCH-GP-K the C TE 
sequence in pCicm7fz(-)MPM\' is amplified by P('R using a pair of primers, 5' 
GTCATCGATA GACIGGACAG CCWTQ V (Sequence ID No. ) and 5' 

CTAGAATTCX^ CAAGACATC\a. TCCGGG3' (Sequence ID No. ), containing the 

rial and the IicoRl, respectively, as described abo\e. The PCl^ product is inserted into 
10 theClal and bcoRNdigested pCIl-GP-1 to fonn pCIi-GP 4 (l igure 3G). 

C. Generation of stable packaging cell lines 

To establish stable packaging cell lines, either the ainphotropic env or 
the VSV-G can be expressed instead of the IllV env lo pseudotypc the HIV vectors. 
The first strategy is to cstabHsh 293 cell lines expressing the MIV tat necessary for 

\5 efficient expression of the vector genomic RNA. lo construct the tat expression 
plasmid, a 360-bp Sall-Bamlll fragment spannmg the Hrst exon of the tat gene is 
isolated from pCVl (Arya el al.. Science -V9:()9, 19S5). A 139()-bp Xbal-Xhol 
fragment containing the CMV promoter aiul the rabbit [^-globin gene splice signal is 
isolated from pCMV-G. A 3295-bp BamHI Xbal tVagment containing the 

20 polyadenylation site of the rabbit (i-globin gene is alst) isolated from pGMV-G. All 
three fragments are ligated together to fonn pGMV-iat (figure 4A). To establish stable 
lal-expressing cell lines, 293 cells are C(.)-iranstccted with p('M\'-tal and pSV2-gpt 
(Mulligan & Berg, Proc. NatL Aaul. Set. I'SA ^.S::()"2. 19SK obtained from ATCC") at 
a ratio of 10 to 1. The transfected cells are subjected to selection m niycophenolic acid, 

2> xanthine arul HA f-containing medium. The surviving cells arc pooled and clones are 
isolated by limiting dilution. To screen for tat expression, the culture supernatant from 
each clone is spotted on a nylon membrane and tat is tietected by the HCL Western 
blotting system (Amcrsham, Arlington Heights, \\.) using an anti-tat antibody 
(Advanced Biotechnologies Inc., Columbia, MD). 

30 To express the HIV gag/poK pC"H-Gr*-3 or pGH-GF-4 is co-transfected 

with pFR4()0 {Proc, NatL Acad. Sci. USA S0:2495, 19S3) into 293/tat cells. The 
transtected cells are selected in methotrexate ( Mtx)-containing medium and cloned by 
limiting dilution. Mtx-rcsistant clones are picked and gag pol expression is assayed by 
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p24 in culture supernatant. The 293 lal gag pol clone expressing the highest le\el 
of p24 is expanded and used tor stable expression ot'amphotropic env. 

To express the ampholropic en\ gene, pCM Venv""Dral (PCI -AVO 
92 05260; US patent ?/5,59K624) is co-trans fected with pTK-puro (Chen et al,, Proc 
5 Nail Acad. Sci. USA 10057. 1996) into the 293 tat gag pol cells. The 
293 tat gag pol en\ clones are isolated troni puroniycui-resistant colonies by liinmng 
dilution. Expression of the cn\- gene is detected b\ Western blot analysis using. RI.\' 
gP69 ''1. the anti-cn\ polyclonal aniibod\ (Oualit\' Biotech Inc , Camden. N.l). The 
clone expressing the highest level of env is identified and expanded. 

lu Packaging cell lines expressing \'S\'-C'i instead of the ampholropic en\ 

are also established. The \'SV'-G gene is under the control of the inducible promoter ot" 
the let system (Gosscn & E3ujard, Proc. Sail. AcaJ. Sci. I'SA ^9:5547. 1992, obtained 
from Fkijard) in pTeiO-G-2 (Chen et al., Proc Aw//. AcaJ. Sa. L'SA 9<Ai)()5^, 1996) 
since stable \*S\'-G expression resulted in cell death. To express \'S\'-G, stable 293 

15 clones expressing iTAER (Chen et al., Pro( . Xarl. Acad. Sci. USA 9.?: 10057, 19U6). the 
transactivator tor the inducible promoter, need to be established llrsl I he 293 tat cells 
described abo\e are transfected with phyg-CAI\'-i T.-XF' R (Chen et al.. Proc. SatL Acad. 
Sci. USA 9.1:10057, 1996) and hygromycm-resistani clones are isolateii b\- limiting 
dilution. To identify the clone expressing the highest le\els of tTAFR, cells derived 

20 from these clones arc transfected with pi TIC 13-3 iCiossen t<: Bujard, Proc\ SUiil. Aciid. 
Sci. USA .V9;5547, 1992, obtained from F^ujard) in the presence of ieirac\'chne ^n■ (>- 
estradiol and the luciferase (lux) activity is detenniiiLxi 4S hours after iraiistcctioii, 1 he 
293/tat tl AER clone expressing the highest le\el of lux activity in the presence of {)- 
estradiol is identified and expanded. 

25 To express the HI\' gag pol, j^Cll-(.iP-3 or pCfl-CiP-4 is co-traiistecied 

with pl-R400 into 293 'tatiTARF^ cells, and the 293. tat. t l .AFR gag pol clone expressing 
the highest level of p24 is isolated as described abo\e. To introduce the \'SV-C} gene, 
the 293 tat t FWER/gag/pol cells are transfected with p'F etO-G-2 and selected in 
puromycin-cotUainiiig medium. The 293 tat t T.VHR gag pol G clone expressing low 

30 level of \'SV-G is isolated by limiting dilution of the puromycin-resistant cells, 
followed by (S- estradiol induction of VS\'-Cj expression and FACS analysis using 11. 
the monoclonal antibody specific for Cj (Burns et al., Proc. Xafl. Acad. Sa. USA 
90:8033, 1993). Clones expressing Iow-le\e! iM \'S\'-G are isolated because high-level 
V'SV-G expression leads to rapid cell deaih (within 4 to 5 days) whereas low-level 

35 VSV-G expression has little ettect on cell u;r<u\th. resultmg in an extended duration ot 
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vims harvest ( up to two weeks) (Clien ct al., Proc. Null. Acud. Sn. L^SA 9_^: 10057, 
1996). 

The packaging cell lines described abo\e express HIV gag and pol using 
the CTE and PRH sequence which bypass the requirement of rev and RRE for efficient 
s transportation of the gag/pol niRNA from nucleus into cytoplasm. To detcmiine 
whether rev and RRE can generate higher \ inis titers, 293/tat t TAER cells are co- 
transfected with pCH-CjP-2 and pER4(}0, and the transfecicd cells are cloned selection 
in Mtx-conlainmg medium and limilmg dilution. Mix-resistant clones are picked and 
gag/pol expression is assayed by introducing the rev gene into these clones. To 

10 mtroduce rev, these clones are infected with the K 1- 1 virus (Chiron Technologies, San 
Diego, CA) containing the MIV rev gene in a MLV-basetl vector. HIV p24 in culture 
supernatant is assayed 48 hours after infection. The 293. lat 'l r.'\ER/ gag pol clone 
expressing the highest level of p24 upon rev introduction v\ ill be expanded and used for 
stable expression of rev. 

15 Since high-level expression of rev can be toxic to cells, the rev gene is 

placed under the control of the inducible promoter of tlie tet system. The 722-bp 
Bsu36I fragment containing the rev cDNA is isolated from p( VI and inserted into the 
unique F^amHf site of pUHGlO-3 (Gossen Bujard. I'nn-. Sail Acad. Sci USA 
tV9:5547. 1992, obtained from Bujard) to fonii p retO-rc\ (Figure 4B). To introduce 

20 the rev gene, pTctO-rev is co-transtcctcd with pFK-phleomycin (Vee, personal 

communication) into 293/lat/tT.AER/gag,''pol cells. Tlic clone expressing tlic highest 

level of rev is identifietl by limiting (.lilution of ph!eoni\'cin-resistant cells, followed b\' 

l^-cstradiol induction and p24 detection in the culture supcnialant. 

To express VSV-Ci or ampluMropic env in 2^)3 'tat t rAI-R/gag pol re\ 

am 

23 cells, the VSV-G gene in pTetO-G-2 or the ainphotn^pic en\ gene m pCMVenx Dral 
is introduced into the 293/tat/tTAER/gag pol. re\ cells and clones expressing either 
VSV-G or env are isolated as described above. 

D. Accessory' Proteins 

Genes encoding the accessor) protein can be PGR amplified from pNL4- 

30 3 and cloned into pCMV-Bam for expression. The plasmid is co-trans fected with 

pC^MUlV-K (Song et al., ./ Biol. C/wni. 269:7024. 1994. obtained from Per Peterson. 

The Scripps Research Institute, La Jolla, C .\) ccmlaimng the murine H-2K cDN'A into 

one of the packauinii cell lines described abo\c. Transfccted cells are isolated bv HACS 

b 

sorting using Y3>, the monoclonal anlibods lor H-2K . The clone expressing the 
35 highest level of the accessory protein is idenlitied using Western bloi analysis with the 
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specific polyclonal antibody {obtained trom NIH AIDS Reagent ProLzrani). In the case 
of \ pr expression which is know to block cell c>cle at G2 piiase (Planellcs ei al.. J. 
I'lrol ^0\25\b, 1996), the PCR amplified Vpr cDNA is inserted into pUHGlO-3 under 
the control of the tet niducible promoter as described for the rev expression. The 
5 construct is co-transfected \s ah pCMUIX - mto the packaging cell lines and the \'pr- 
expressing clone is isolated as descnbed above. 

Besides 293-based packaging cell lines, human irFK^So and HeLa cells, 
canine cf2 and Dl 7-based packaging cell lines arc established to test viral liter potential 
with the same strategy descnbed above. 

10 To generate stable \'CL. tlie WW vector descnbed abo\e is co- 

transfected with pCMV-G and p(\\lVAR9 (Naidini et al., Sruncc :^2:26?>, obtained 
from Vemia, The Salk institute. La Jolla, CA) nito 293 cells. Virus har\esied 4S hours 
after transfection is used to infect one of the packaging cell lines descnbed here and 
VCL clones are isolated by the neo selection or I- ACS sorting u ith the antibody specific 

15 for the marker gene carried in the \ ector f(^-gal, alkaline phosphatase or nerve growth 
factor receptor). Titer potential for the clones is deiennined by infecting H TlOSn cells 
with the har\'ested virus from each clone, follow eti by tfie neo selection or f'ACS 
analysis. 

20 EXAMIM.I- > 

TKANsn-:Ni Prodi crioN oi- lNfi( iiomsYm ior 1*.\r i ki.ts 

A. Protocols 

To generate infectious f{I\' \ ccior>. 293T cells ucrc seeded at a densii\ 
of 4 X 1 ()' cells per 10 cm-dianieier culture di^'n. Infectious \ecior with all the 

25 accesson,' proteins was generated by cotransfecting lOtig pCM\'-fn\ -1, lOug p(\\l\ - 
G and 20|ig p\ ()53CMVb-gaI using the calcium phosphate co-precipitation method 
(Graham and van der Hb, Viroloi^y 52:456-4()'^. 197^) Culture medium was replaced 6 
to S hours later and the culture supernatant was collected 18 hours after transfection. 
filtered through 0.45 ^ni filters and stored at -SO C'. 1 o generate the vector without an> 

30 acccssoPv' protein. 293T cells were cotransfecied \\ ith llie following fi\ e plasmids: 8ug 
pCHGP plasniid scnes (the gag pol plasmid). ^^g pCM\'-G (VSV-G plasmid). lOug 
pv653CM\' f^-gal (HIV-veclor), 4.ug pCM\ - i.ii .uid 4ug pCMV'-Re\. Witiim certain 
experiments, 0 to 10 mVt Sodium Butryate i.^ jdded to the media during transfection. 
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Ulili/ing this fivc-plasniid transfcclion protocol, all accessory proicms have been 
eliminated. Moreover, the possibility of generating replication conipeleni virus is 
greatly reduced. 

To detennine the vector titer, 5 x lO"* HT1080 cells were plated in a 12- 
5 well plate in the presence of 8 |ig/nil polybrene 24 hours prior to infection. The cells 
were infected overnight with various dilutions of the vector and assayed for the b-gal 

activity 48 hours after infection. 

l o assay for l^gal activity, cells were washeil once with PBS, fi\cd in 
1.25'!() glutaraldehydc for 15 niin. and stained for 4 hours at 37-'(^ in a solution 
10 containing 5 mM potassium fcrrifeiTOcyanide, 4()() |.ig ml \-Cial (CjBT. S I Louis, MO) 
and 1 mVl MgCl^. 



B. Results 

Results arc shown in Figure 7. Briell>, as am be seen by this table, 
deletion of the accessor\' protein trom the vector particle appears to have little effect on 
15 vector titer. 

Results arc also shown in Figure 8. Briefly. C'TF from Mason Pfizer 
Monkey Virus can substitute the function of RRF. But RRE and re\ together still 
appear to generate the highest level of gag production 

Results of the live plasmid translection protocol are shown in h'lgure 
20 BrieHy. as noted above, utilizing the fivc-plasniid transfcclion protocol all accessory 
proteins can be eliminated. Moreover, the possibility of generating replication 
competent virus is greatly reduced. 

Results of tiie use of sodium bulyralc in the five plasmid transfcclion 
protocol is shown in Figure 9. Briefly, addition ot sodium butyrale m the iransfection 
25 media can enhance vector particle production by greater than I 0 fold. 



EXAMPLI- 4 

Fi FLcroF A(\:hssory protfins on Vix ior Infix: i ivit^ 



30 To study the ability of the HIV vector to infect quiescent cells and the 

effect of the accessory proteins on infcctivity. Hel.a cells were exposed to gamma- 
irradiation to arrest cells at the G2 phase of the cell cycle. More specifically, 
proliferating or growth-arrested HeLa cells were transduced with either MLV-(^-gal, a 
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l^-gal !;:cnc-containing ML\ vector or the H[\'- 1 -haseti \'ccior vo53C'M\ (^-ual(- ) 
containing all four accessory proteins or v()53CM\'b-ga!( - ) containing no accessory 
protein. Positiv e cells were scored by X-Gal stannng tuo da> s after transduction 

Results in HeLa were expressed as the percentage of titers observ ed with 
5 the same virus preparations in growing UTIOSO. As shown m Figure no significant 
difference in titer w as observ ed in proH feral ing or quiescent Mel a cells transduced w ith 
eitlicr the v 653CM V[^gal( • ) or the \ 653C^M\'[5-gal( - ) v ector. hi contrast, the 
transduction efficiency of the Wl.V vector m quiescent cells v\as reduced more than 
2()()() fold. Similar results were obtained wiih niadiated H l lOSO cells, transduced with 

K.) the three vectors (data not shown). 

To ascenain the observed |)-gal acliv ity is not due to pseudoiransdiiclion 
of the b-gal activity present in the vector preparation, proliferating Flel.a cells 
transduced witli the vector were treated with increasing concentrations of 3'-azido-.^"- 
deoxyihyniidine (/\ZT). Both the blue cell number and the h-aciivity in cell extracts 

15 decreased with increasing concentrations of A/T (data not shown). These results 
demonstrate that, in contrast to the ML\' vector. I MX - 1 -based vectors can transduce 
quiescent ceils efficiently and the HIX'-l encoded accessory proteins are not required to 
transduce these cells. 

To test the infeciivity of HIV-1 -based vectors in other cell types, prnnary 

20 human skin tlbroblasts were allowed either to proliferate or lo grow to confluency and 
then infected with the three retroviral vectors dcscn[:)cd above f ibrobiasis grovsti to 
conlluency become contact inhibited and arrested m ilie (jO (jI phase of the cell cycle 
(data not shown). As shown m Figure 1 1. the three vecUM'.s exhibit similar transduction 
efficiency m dividing llbn^blasts. However, m quiescent cells, ML\'-(Vgal vector 

2s transduction dropped to barely detectable levels. 1 he capacitv ot v6>3C\'t\'{)-gal( - ) 
remained unchanged. In contrast, v653CMV l^gai(-), defective for the Hl\'-1 accessor\ 
proteins showed a 4- to 7 fold decreased level of etTiciency to transduce tlie contact- 
inhibited fibroblasts relative to the \'653C'M\*(Vgal( • ) vector. These results suggest 
that the requirement for accessory proteins tor etTicient tran.sduction by HIV- 1 -based 

M) vectors is ce!ht\ pe dependent. 
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CLAIMS 

1. A Icntiviral vector, comprising a 5' Icnliviral LTR, a tRNA binding 
site, a packaging signal, a promoter operably linked to one or more genes of interest, an 
origin of second strand DNA synthesis and a 3' lenliviral L'l R, wherein said lentiviral vector 
contains a nuclear transport clement that is not RRH. 

2. 'I he vector according to claim 1 wherein said ruiclear transport clement 
is obtained from MPMV or HBV. 

3. The vector according to claim 1 wherein said packaging signal is an 
extended packaging signal. 

4. I he vector according to claim I wherein said promoter is a tissue- 
specitlc promoter. 

5. The vector according to claim 1 uhercm said promoter is a CMV 

promoter. 

6. The vector according to claim 1 wherein said gene of interest is 
selected from the group consisting of cytokines, facHM- VI II. factor IX, LDL receptor, prodrug 
activating enzymes, trans-dominant negative viral or cancer-associated proteins and tyrosine 
hydroxylase. 

7. The vector according to claim 1, further comprising an internal 
ri bo so me entry site. 

8. The vector according to ckum 1 wherein said promoter is operably 
linked to tw o genes of interest which are separated by less than SO nucleotides. 

9. The vector according lo ckiim 1 v% herein said lenti virus is selected 
from the group consisting of HIV, HIV-1, niV-2, M\' and Sl\'. 
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U) A gag pol expression cassette. coni[irisirig a pronioier and a sequence 
encoding gag pol and at least one of vpr, \ pii, nefor \ it". wherein said promoter is operably 
linked to gag pol and vpr, \ pu, nefor vif 

11. A tat expression cassette, comprising a promoter and a sequence 
encoding tal and at least one of \pr, vpu, nefor vif, wherein said promoter is operabK' linked 
to tat and vpr, vpu. nefor vif. 

12. A rev expression cassette, comprising a promoter and a sequence 
encoding rev and at least one of \pr, vpu, nefor \ if, wherein said promoter is operabl\- linked 
to rev and \ pr. \ pu. nefor \'if 

13 A VSV-G expression cassette, comprising a promoter and a sequence 
encoding VSV-G and at least one of \'pr, vpu. nefor \ \t\ wherein said promoter is operably 
linked to VSV-G and vpr. \ pu, nefor vif 

14 A host cell containing an expression cassette accordnig to anyone of 
claims 10 to 13. 

15. A packaging cell line, comprising an expression cassellu comprising a 
promoter, a sequence encodmg gag pol, and a nuclear iianspon element, whereui said 
promoter is operably Imked to said sequence encodmg gag po\. 

16. A packaging cell line, comprising Lin expression casselle comprising a 
promoter and a sequence encoding tat. wherein said promoter is operably linked to said 
sequence encoding tal. 

1". A packaging cell line, comprising an expression cassette comprising a 
promoter and a sequence encoding an envelope, wherem said promoter is operably linked lo 
said sequence encoding the envelope. 

18. A packaging cell line, comprising an expression cassette comprising a 
promoter and a sequence encoding rev, wherem said promoter is operably linked to said 
sequence encoding the rev. 
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19. The packaging cell line according to any one of claims 15, 16, 17, or, 
1 8, wherein said packaging cell line further comprises a sequence encoding any one or more 
of nef, vif, vpu or vpr. 

20. The packaging cell line according to any one of claims 15, 16, 17, or, 
IS, wherein said expression cassette is stably integrated. 

21 The packaging cell line according to any one of claims 15, 16. 17. or. 
18, wherein said cell hue, upon introduction of a lentiviral vector, produces particles at a 
concentration of greater than 10' cfu/ml. 

22. The packaging cell line according to any one of claims 15, 1(), 17. or. 
18, wherein said promoter is inducible. 

23. The packaging cell line according to claun 1 7 wlierem said en\ elope is 

VSV-G. 

24. The packaging cell line according to any one of claims 15, 1(>. 17. or, 
18, w'hercin said cell line, upon introduction of a tciuivn al x eclor. produces patlicles lliat are 
free of replication competent v irus. 

25. A packaging cell line comprising an expression cassette which chrects 
the expression oi' ^ii^/pol gene, an expression CcLsscUc which tlirects ihe expression oT an 
env gene, an expression cassette which directs the expression of Tat, and expression casselle 
which directs the expression of Rev . 

26. The packaging cell hue according to claim 25, wlierein said cnv gene 
encodes VSV-G. 

27. A vector producing cell line, comprising a packaging cell hue 
according to claim 25 and a lentiviral vector. 

28. A method for enhancing production of inlectious virus, comprising the 
step of infecting packaging cell lines with a \ iral vector, wherein a butyrate salt is added 
subsequent to. or after infection of the packaging cell line 
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2V. The method according lo claim 28 wherein said buiyraie sah is sodiiiiu 

bulvratc. 
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The effect of HIV-1 accessory proteins 
on vector production 
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^The vectors were harvested 24h after 
transfection and the titer was determined in 
HT1080 cells by counting of blue cells after X- 
Gal staining. The numbers are the average of 
triplicate experiments ± standard deviation. 
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Expression of p24 


in pCHGP transfected ceils 


Plasmid Constructs 
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p24 (ng/nni) 
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1.79 ± 0.14 
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98.84 ± 14.59 
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6.21 ± 0.55 
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10.21 + 0.78 
16.41 ± 0.97 
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6958 + 349 
7471 ± 287 



^ 2931 cells were transfected in a 10cm culture dish with 20 fiq of 
pCHGP as indicated and 10 /ig of either pCMV-Rev ( + ) or 
pBluescript (-). Forty-eight hours after transfection, the culture 
medium was assayed for p24 protein expression. The numbers 
are the average of 3 experiments + standard deviation. 
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